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One important measure of leadership for a company is 
its engineering advances. And, since the birth of the auto- 
motive industry, Perfect Circle has made more impor- 
tant contributions to piston ring design than any other 
ring manufacturer. 

That’s because PC has consistently maintained the 
largest, most skilled and best equipped engineering 
staff in the piston ring industry. 


Leadership such as this has made Perfect Circle the 


most preferred ring. Always use the ring that’s built to 


take it —Perfect Circle. 


PERFECT 2. CIRCLE 


PISTON RINGS - PRECISION CASTINGS - POWER SERVICE PRODUCTS - SPEEDOSTAT 
HAGERSTOWN, INDIANA . DON MILLS, ONTARIO, CANADA 
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behavior .. . predicted via a mathematical model. Further study 
urged. (Paper No. 205A) —H. S. Radt, Jr. and W. F. Milliken, Jr. 
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Space travel is fraught with disaster, but risks can be reduced if 
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sign stages. (Paper No. 244A) —E. A. Smith and R. W. Connor 
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Automatic checkout equipment will continue to be less than satisfac- 
tory for airline uses until its use is envisioned when original airplane 
designs are made. Then, too, the detailed engineering which follows 
must recognize the automatic checkout requirement as the system 
evolves. It can’t be added on or squeezed in later with entire satisfaction. 
(Paper No. 241C) — James A. Aldrich 
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High first cost, high weight, noise, and vibration are four short- 
comings of the small, high-speed diesel, compared with the gasoline en- 
gine. Here are some suggestions for minimizing them. (Paper No. 
215B) — J. H. Pitchford 
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Full-scale wind tunnel testing made it possible to develop a thrust 
reverser which would provide a controllable drag level for stabilizing 
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W. T. Kehrer 
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World view shows West Germany far in lead with the United States 
trailing the field. (Paper No. 222A) —H. H. Haas 
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knobs, handles, and trim panels. (SP-184) — J. R. Forrester, Jr. 
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around an airport, start its engine, and provide it with auxiliary elec- 
trical power. (Paper No. 241B) — Robert F. Adickes 
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Resistance heating and heating with quartz lamps are two methods 
being used to great advantage for the testing of structures subjected 
to elevated temperatures. (Paper No. 228B) —S. L. Shaw and C. H. 
Stevenson 
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Smooth starting and combustion with engine chamber pressures be- 
low 60 psia promise a wide thrust range for a variable thrust liquid 
hydrogen-flourine rocket engine. (Paper No. 246B) — Edward W. Otto 
and Richard A. Flage 
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Recent laboratory test results should prove helpful in the selection of 
materials for high-temperature valves, control linkage bearings, pneu- 
matic cylinders, and seals. (Paper No. T43) —L. E. Fuller 
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Key factors in the design of successful and reliable one-way sprag 
clutches include: full phasing, well-designed sprags and races, and 
adequate lubrication. ‘(Paper No. 208A) —E. A. Ferris 
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Here’s a brief course designed to help you understand the basic prin- 
ciples of the fuel cell. The author compares a fuel cell with the ordi- 
nary battery, discusses fuel cell efficiency, kinetics, and costs. He also 





explains briefly how several types work. ‘(Paper No. 179A) L. D. 
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Clutch plate shift performance of automatic transmissions is highly 
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fluids is required for good performance, recent tests at GM Research 
Labs show. (Paper No. 194A) —John R. Rodgers and Merrill L. 
Haviland 


Is FAA engine overhaul policy valid? 86 


Existence of reliability problem automatically provides an economic in- 
centive for its solution. On the other hand, the FAA overhaul policy 
for turbines and certain reciprocating engines is very expensive and 
relatively ineffectual in achieving its purpose of improving engine re- 
liability. (Paper No. 229C).—F. S. Nowlan 
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Cross Section of Cold Extruded Piston Pin 


PISTON PINS WITH QUALITY 
THAT CREATES ACCEPTANCE 


Growing with the automotive industry and its 


requirements since 1903, Burgess-Norton has 
kept pace with scientific advancements in pro- 
duction of high quality Piston Pins to become 
the world’s largest independent producer. 


Continuing research resulted in the recent 
development of the production of B-N Piston 
Pins by the Cold Extrusion process. B-N Cold 
Extruded Piston Pins have been subjected to 
exhaustive tests by several prominent engine 
manufacturers and were proven to possess 
increased resistance to fatigue resulting in 
acceptance as standard engine components. 


Now Burgess-Norton is exploring the appli- 
cation of the Cold Extrusion process to other 
similar steel parts. 


B-N men, machines, and service facilities . . . 
Engineering for consultation on design or re- 
design . . . Metallurgy for formulation of 
metallurgical specifications and selection of 
heat treatment processes ... Research... 
Quality Control . . . Performance Testing 

. and Production . . . are available to you 
for development of the best methods to pro- 
duce the best products. 


WRITE OR CALL THE B-N TEAM ABOUT YOUR REQUIREMENTS 


BURGESS NORTON MFG. CO. 


GENEVA, ILLINOIS 
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RELIEF VALVE 










RELIEF VALVES 


Consistent pressure regulation through accurate cracking at relief 
setting is characteristic of Republic poppet-type angle Relief Valves. 
Metal-to-metal seating is offered for general industrial use; soft seating 
for ‘‘no-leak”’ gas and liquid service. Eleven pressure ranges between 
0 and 2750 psi. Pilot-operated Relief, Sequence, and Unloading Valves 
give accurate control, and are available in 3 ranges between 50 and 
5000 psi. Remote Pilo® Valves are also available. 7000 psi Gas Relief 
Valve gives zero leakage.with low pressure accumulation. Mini-Relief, 
14" size, saves weight aeanes. 1000-4100 psi. Wt. .05 Ibs. 


CHECK VALVES 
Republic builds quality check valves of many types. Free- 
flow Check Valve has extremely low pressure drop with no 
leakage up to 3000 psi due to its resilient seat design. The 
Hy-pressure Check is built for rugged service in 5000 psi, GAGE 
high-shock systems. 10,000 psi Check, with resilient seat, cutout 
handles gases and liquids efficiently under high flow, 
heavy surge conditions, with zero leakage. Ball Check 
ruggedly constructed for non-shock service up to 500 psi. 
Mini-Check saves weight and space. 5000 psi. Wt. of 
14” size, .06 lbs. 


GAGE PROTECTORS 


Republic has a complete line of gage protectors. The 





FREE-FLOW Adjustable Gage Cutouts, 680 and 681, protect gages at 
CHECK settings between 3 and 5000 psi. For general use we offer 
VALVE : ‘ : z 
a poppet type (680), covering pressures of 15 to 5000 psi in 


3 ranges. Manometers and low-pressure gages use the dia- 
phragm type (681), covering pressures of 3 to 50 psi in 2 ranges. 
Gage Snubber (690) is self-cleaning, with working pressure up to 

5000 psi, three viscosity ranges. Adjustable Snubber (685) has 
75-to-1 taper angle for micro-adjustment. 


PLUG VALVES 

Precision-made, Republic tapered Plug Valves have wide general usage. 
Plugs and bodies lapped together result in a tight seal. Range: 32° to 
160°F, with lubricated metal plug; with NO-lubricant Teflon plug, —65° 
to 250°F. 2, 3, 4-way, with or without drain. Cylindrical type Plug 
Valves up to 2” in size, have very low pressure drop. Dynamic balance 
of inserts gives extremely low turning torque. Compact design. 20” hg 
vacuum to 200 psi. 


SELECTOR VALVES 

Lo-torq, Seal-tite, and Mini-Lo-torq Valves all have pressure loaded 
seals to assure positive seating and low-torque turning. Wiping action 
of the seals keeps the surfaces free from abrasive matter, and seal 
efficiency improves with use. Lo-torq offers up to 4000 psi gas and 
6000 psi liquid service. Also 10,000 psi unit available. Use Lo-torq 
Actuators for remote control. Seal-tite is the 750 psi hydraulic economy 
unit, and Mini-Lo-torq, 3000 psi, saves weight and space. 


SPECIAL UNITS 





LO-TORQ SELECTOR VALVE 


A staff of highly trained engineers, specialists in the modification of one of our standard units, or an 
design and development of valves and special units entirely new design, we shall appreciate an oppor- 
for hydraulic, pneumatic, fuel, and other services tunity to study and quote on your needs. 
stands ready to serve you. Whether you require a 

Stocking Distributors Coast to Coast 322 


REPUBLIC MANUFACTURING COMPANY 


MAIN OFFICE AND FACTORY PACIFIC SALES DIVISION 
15655 Brookpark Road, Cleveland 35, Ohio 15844 Strathern St., Van Nuys, Calif. 
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FUELS & LUBRICANTS 


Products — Lubricants 
Paper No. 217B. 


Paradoxical 
for Gears, E. L. WILL. 
Additive requirements for standard 
classifications of gear lubricants and 
approach used at Monsanto Chemical 
Co. to obtain data on additive require- 
ments in various equipment under 
service conditions: additive composi- 
tions and functions of regular, worm 
type, and mild type extreme pressure 
(EP) gear lubricants; enumartion of 
organic compounds helpful in com- 
bating scoring under high speed condi- 
tions and compounds effective under 
high torque conditions. 


Molybdenum Disulfide as Additive 
to Improce Performance of Automotive 
Multipurpose Grease, C. D. THAYER, 
H. G. RUDOLPH, JR. Paper No. 217C. 
Tabulation of chemical and physical 
properties; in studying abrasive action 
of impurities in additive, particle size 
of impurities must be considered; re- 
sults obtained showing particle size 
measured by four methods; evaluation 
of two field tests covering orperations 
that varied from relatively low mileage, 
such as city bus fleets, to heavy duty, 
high mileage over-the-road fleets, ex- 
posed to all types of weather and cli- 
matic conditions. 


Gasoline Additives — Review for En- 
gineers, A. E. FELT, H. C. SUMNER. 
Paper No. 221A. Types of problems 
which additives are asked to solve, 
types and concentrations of compounds 
used, and mechanisms by which these 
additives accomplish their objectives; 
discussion is confined to applications of 
additives in socalled “motor gasolines,” 
which include all gasoline engine fuels 
with exception of those used for avia- 
tion; details of Ethyl] Corp’s investiga- 
tion of effects of increasing TEL con- 
tent of gasolines from 3.0 to 4.0 ml/gal. 


Additives for Liquid Hydrocarbon 
Fuels, H. E. COLLINGS, E. C. SQUER- 
CIATI. Paper No. 221B. Additives 
used in gasoline such as antiknock com- 
pounds, deposit midifiers, gasoline anti- 
oxidants, copper deactivators, corrosion 
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inhibitors, dyes, anti-icing agents, and 
carburetor detergent additives; addi- 
tives in diesel fuels, as follows: diesel 
fuel stabilizers, and metal deactivators; 
effect of dispersant and metal deacti- 
vator in field tests; color stabilizers, 
rust and corrosion inhibitors, ignition 
improvers, and cloud and pour point 
depressants; future developments. 


GROUND VEHICLES 


Some Factors Affecting Dry Ajir 
Cleaner Efficiency, E. H. FARNAN, J. 
A. WEBER. Paper No. 2166. Research 
made at University of Illinois to evalu- 
ate test factors affecting efficiency of 
dry air cleaner for farm tractors and 
to determine conditions simulating 
field operation; comparison of absolute 
filter and air sampling methods con- 
currently with evaluation of test fac- 
tors; statistical analysis uncovered re- 
lationships that affect air cleaner 
efficiency tests: correlation of labora- 
tory engine tests with field perform- 
ance; use of sampling method on oil 
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bath cleaner. 


Vehicle Steering Fundamentals, W. 
H. BAIER. Paper No. 218A. Behavior 
of vehicle in response to steering is in- 
fluenced by factors such as tire forces, 
aerodynamic and inertial forces; load 
transfer, arising from vehicle roll, 
gives rise to changes in tire cornering 
power by causing both camber changes 
and variations in tire loading; wheel 
alignment, and rear end roll steer ef- 
fects; factors are summarized and part 
that each plays in determining lateral 
motion of vehicle is pointed out; ap- 
plications to on-and off-the-road ve- 
hicles. 


Advantages of Structural Analysis in 
Design Stage of Agricultural Equip- 
ment, M. A. WALCK. Paper No. 219A. 
Theoretical structural analysis of 
computation of stresses and deflections 
in structural components due to criticai 
loading conditions; strength deficien- 
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cies are most efficiently corrected in 
initial design stage thus achieving 
product reliability by providing designs 
of consistent strength, reduced weight 
and cost, decreased development time, 
and reduced number of prototypes; out- 
lines of concept and engineering or- 
ganization. 


Power and Life Investigation of 
Farm Tractor Drive Components, A. J. 
JENKINS. Paper No. 219B. Investi- 
gation made at Timken Roller Bearing 
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Co. to establish operating characteris- 
tics of farm tractor, with respect to 
tractor drawbar power and operation, 
and its effect on drive components of 
transmission, differential, and rear 
axle assemblies; reference made to 
paper entitled Method of Predicting 
Life of Tractor Bearings, by J. BOR- 
LAND, indexed in Engineering Index 
1943 p. 127; approaches employed in 
determining fatigue life of power train; 
method of calculating fatigue life for 
power train components. 


Aircooling Versus Water-Cooling in 
Agricultural and Construction Equip- 
ment, H, H. HAAS. Paper No. 222A. 
Physics of both methods are reviewed: 
their influence on design and perform- 
ance of engine is discussed to help 
designer of tractors and construction 
machinery recognize inter-relationship 
of various factors and thus make it 
easier to select most appropriate cool- 
ing system and engine design; priority 
is given to diesel engine. 
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Potential of Structural Mechanics 
Research in Crane Boom Design, D. B. 
SINGER. Paper No. 224A. Definition 
of loads or environments, analytical 
studies, and experimental techniques; 
examples are provided to show direc- 
tions from which research in structural 
mechanics can bring improved crane 
boom performance. 


Engineering Deere’s Model 8010 
Tractor, F. C. WALTERS, M. L. MIL- 
LER, R. H. TWEEDY. Paper No. 225A. 
Design problems and solutions in de- 
veloping agricultural tractor with fol- 
lowing specifications: 150 drawbar-hp 
on concrete test track, oa-width less 
than 96 in., and 4-wheel drive; General 
Motors 6—-71E 2-cycle diesel engine se- 
lected as power plant; details of power 
train, chassis, steering, hydraulic and 
electric system; development of in- 
tegral 3-point implement attachment 
linkage and other implement attach- 
ment provisions; 4-wheel drive char- 
acteristics. 


John Deere’s New Line of Tractors, 
M. HANSEN. Paper No. 225B. Basic 
considerations in engineering program 
of new line which discontinues tradi- 
tional features used since 1920; ap- 
proach required that design of all 
tractor components be reexamined in 
light of present day circumstances con- 
sidering requirements of four groups 
of customers; tabulation of new agri- 
cultural and industrial tractor sizes 
and chassis options available; concept 
of styling including European models; 
arrangement of tractor components 
and power plant options. 


MATERIALS 


Fatigue, Impact, and Tensile Proper- 
ties of High Strength Leaded and Non- 
leaded SAE 4140 Steel, W. SIMON. 
Paper No. 220A. Study at Westing- 
house Electric Corp. to ascertain prac- 
ticality of substituting leaded steel for 
gear and pinion applications; results 
show that difference in transverse fa- 
tigue, impact, and tensile properties 
between leaded and nonleaded steel at 
hardness levels of 55 and 47 R. are in- 
significant for normal applications; 
gears, pinions, and parts which are 
loaded in transverse direction should 
be designed on basis of transverse 
properties such as those reported. 


“Case Crushing” of Carburized and 
Hardened Gears, R. PERERSEN, 8S. L. 
RICE. Paper No. 220B. Study made 
at Research Dept., Caterpillar Tractor 
Co. on influence of case depth in re- 
sisting compressive loads on gear tooth 
profiles; type of failure occurring on 
carburized and hardened gear tooth 
profiles is described and given name 
“case crushing;” differences between 
pitting and case crushing, and analysis 
relating occurrence of case crushing to 
subsurface shear stress/sheer strength 
ratio; initial experimental evidence 
points to critical value of .55 for this 
ratio. 
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Chicago valve train parts in a typical V-8 automotive engine: (A) Hy- 
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spring retainer. 





Everything you need in valve gear 


from CHICAGO 


Here at Chicago you'll find a single source for everything you 
need in valve gear. These specialized facilities are solving prob- 
lems and saving money for leading engine manufacturers . . 
and can do the same for you. 

Design and Engineering— at Chicago you'll find valve gear engi- 
neering experience in depth . . . men who understand your 
problems and will work with your engineering staff in designing 
cam shafts and complete valve gear assemblies for any type of 
engine. 

Manufacturing— Chicago is a leading manufacturer of valve train 
parts. Our complete line includes precision-made hydraulic and 
mechanical tappets; push rods in both lightweight tubular and 
solid styles; valve adjusting screws including new self-locking 
screws that cut assembly costs; valve spring retainers; rocker 
arms and rocker shafts. 

Testing— we have complete laboratory and engine testing 
facilities. 

For the full story of how we can serve you, write our Tappet 
Division. 


THE CHICAGO SCREW COMPANY 


ESTABLISHED 1872 @ DIVISION OF STANDARD SCREW COMPANY 
2701 WASHINGTON BOULEVARD, BELLWOOD, ILLINOIS 
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SILICONE NEWS from Dow Corning 


Longer Life for Engines 








Oil seals, diaphragms, and many other 
automotive parts are fabricated of long- 
lasting Silastic, too. Original physical 
properties are essentially retained in tem- 
peratures from —130 to 500 F; resist oxi- 
dation, weathering, moisture and compres- 
sion set. Silastic stays rubbery under the 
most adverse operating conditions — pro- 
vides a combination of properties that per- 
mit components of this “talented” material 


to meet rigid performance requirements. 


Your rubber fabricator can design parts 





to build longer life and customer-pleasing 


performance into your automotive products. 


Grommets of Silastic Withstand 
350F; Effectively Seal Coolants 


To keep today’s high powered construction equipment and on-highway 


For full information, write Dept. 8012. 


trucks operating efficiently requires engines that are really rugged! And 
ruggedness is what Cummins Engine Company has built into their line 
of diesel engines. These engines are guaranteed for 100,000 miles or 
3,600 hours! 


A factor in the performance of their engines is a set of 24 cylinder-head 
grommets made of Silastic®, the Dow Corning silicone rubber. The grom- 
mets proved so effective in Cummins’ new engines, they are now speci- 
fied as standard components on other models throughout the Cummins line. 
These resilient silicone rubber rings are positioned over the entrances to 
coolant passages in the top of the block. They prevent leakage of coolant 
and antifreeze into the engine and the costly damage that could result. 
The grommets snap into the cylinder head gasket where they remain flex- 
ible and sure-sealing, despite attack by cooling fluids and engine tempera- 
tures in the 300 to 350 F range. 











The nearest Dow Corning office is your 
number one source for information and 
technical service on silicones. 


Dow Corning CORPORATION 


MIDLAND. MICHIGAN 





ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEWYORK WASHINGTON, D. Cc. 
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NEW “TORTURE CHAMBER” FOR RADIAL BEARINGS 
duplicates military acceptance tests 


This is a torture chamber for radial bearings. Here BCA ball 
bearings are run... hour after hour . . . under loads of 5000 
pounds per bearing — matching military acceptance tests 
for radial bearings. This special BCA-built device is an im- 
portant control and development tool. It provides essential 
data for BCA’s ball bearing research program. 


This tough performance test is an example of the greatly 
expanded research and testing facilities which BCA has de- 
veloped for the benefit of bearings users. Reason: to provide 
the finest possible ball bearings to customers. Results: bear- 
ings which consistently exceed performance specifications 
on whatever kind of jobs they are designed for. 


Among the extensive new facilities at the BCA laboratories 
is a Temperature-Humidity-Controlled Instrymentation 


Room containing precision instruments, many of which have 
been specially designed and modified for bearing research. 
There are a number of unusual testing devices, too; in design, 
identical to equipment in customers’ plants. On these, BCA 
bearings can be tested under the exact operating conditions 
specified by the customer. 

BCA provides a complete line of ball bearing sizes and types 
for nearly every kind of industry. They’re standard original 
equipment on automotive, machine tool, earth moving, and 
agricultural equipment, for example. And, you'll find BCA 
a dependable source not only for high-performance ball 
bearings but engineering assistance, should you 
need it. For more information, contact Bearings 
Company of America, Division of Federal-Mogul- 
Bower Bearings, Inc., Lancaster, Pa. 





BEARINGS COMPANY - DIVISION OF 
Reena FEDERAL.MOGUL-BOWER 
OF AMERICA BEARINGS, INC. 
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your part needs 
special protection 
look to 


treated felts 


ito we hibres combine natures beat; 
with tho Saboraterys latest. } 


They repel water, stop rust, reduce friction, resist 
abrasion, stand 300° F. heat or —65° F. cold. 
Hard or soft, their wondrous interlocking fibers 
go on flexing, filtering, wicking or wiping long 
after other materials break down. 


For big products and small, Western Felt has 
specialists in coated and impregnated 
felts ready to assist you. 


[ig Write for our free sample brochure 
— of Treated Felts. 


Chicago 23 


Branches in Principal Cities WORKS 


MANUFACTURERS AND CUTTERS OF WOOL FELTS AND SYNTHETIC RUBBER 


WESTERN 
Dept. 8 
4021-4139 Ogden Ave. *eosnteo™ 
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QUALITY 
CONTROL 


You get better, more uniform oil seals asa 
result of National’s 4-part quality program 


In these four separate areas National follows rigid quality 
control mandates. 

1. New Seal Design Quality Control Managers and teams reporting directly to 

4 - National’s General Manager work with Engineering to establish 

2. Incoming Materials AQL’s—Acceptable Quality Levels—for all new products. 
They supervise careful inspection of all raw materials in 

3. In-Process Control National Seals. They provide production inspection, monitoring 

4. Quality Assurance performance of Manufacturing and developing new methods 
of in-process control. And finally, Quality Assurance, which is 
the periodic, random re-testing of production parts. 
For dependability in seals, and the nation’s finest oil seal 


engineering help, call your National Seal Applications Engineer 
(Yellow Pages under “Oil Seals”) or write direct. 


N ATI O N A L Ss EA L DIVISION, FEDERAL-MOGUL-BOWER BEARINGS, INC. 


GENERAL OFFICES: Redwood City, California 
PLANTS: Van Wert, Ohio; Redwood City and Downey, California ease 
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THE NEW 
THAT 


NEW BLOOD BROTHERS 


“150 WB" 


UNIVERSAL JOINT 


HAS AN ULTIMATE YIELD OF 


600,000 INCH POUNDS 


OF TORQUE... 


WITH A SWING DIAMETER 


The boy in the picture is holding one of Blood 
Brothers’ smaller universal joints to show the rela- 
tive size of its giant new “15OWB.” One of the larg- 
est universal joints ever built commercially, it will 
adequately handle 162,000 inch pounds of torque 
using a safety factor of 10 to1...in a swing diam- 
eter of only 134% inches! The “150WB” was designed 
for compact installation in such operations as rolling 
mills, gantry cranes and ship drive shaft appli- 
cations. In spite of its size, this giant unit may be 


een ROCKW 


Universal Joint 


OF ONLY 13% INCHES! 


assembled or disassembled by removing 4 bolts. 

The “150WB” proves again that you can get the 
exact universal joint you need from one source... 
anything you need from a simple assembly built to 
handle 350 inch pounds of torque, to the “giant” in 
the industry. Whatever your requirements, either a 
standard item, or an unusual design for a special 
application, Rockwell-Standard engineers can meet 
your specifications ... at a considerable saving in 
cost. Write or call for complete details today! 


ELL-STANDARD aR4 


CORPORATION 


Division, Allegan, Mig 
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DGnIE Stop? 
OF routine Step 2 


American Brakeblok delivers 
top performance for both 


Scientists and researchers in American Brakeblok laboratories— 
and in the field—design automobile brake lining that serves all the needs of 
normal day-to-day driving for 99% of all motorists. 


This is lining that performs efficiently in summer heat and winter cold. 

It handles emergency stops beautifully, and provides no-fade 

performance in downtown traffic. American Brakeblok is all-around service 
lining, produced by the people who are known to make the finest 

lining you could specify. 


Ask an American Brakeblok representative to give you engineering data 
and proof of performance. Write or telephone collect. 


P.O. BOX 21, BIRMINGHAM, MICHIGAN + DIVISION OF AMERICAN BRAKE SHOE COMPANY 


aa 


~ AMERICAN BRAKEBLOK 
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AiResearch T-6 turbocharger (weighs 24 Ib, 734 in. diameter) 


eS OOS ee ew UR i Sr rrrrmem” rrmOeeet— Cae 


Caterpillar 130 hp D320 turbocharged 
industrial engine: with generator 

set supplying all power to 5,000 watt 
radio station... in high speed 

marine application .. . driving air 
compressor for mine and quarry 
operation... driving water pump 

for gravel pit operation 






Economical turbocharging of 
Caterpillar’s 130hp D320 engine 


Economical turbocharging of Cat- 
erpillar’s small, versatile D320 
engine with AiResearch’s T-6 
turbocharger results in a highly 
efficient engine that is lower in 
original cost, more economical in 
operation and smaller in size than 
a naturally aspirated engine of the 
same horsepower. 





> 


The turbocharging of this eco- 
nomical power unit was developed 
jointly by AiResearch and the Cat- 
erpillar Engine Division. Integra- 
tion of the turbocharger and engine 
is economical because of the turbo- 
charger’s simplified design and low 
cost. The turbocharger design incor- 
porates a free vortex housing, elim- 


THE @-7 \- 1-1 443 CORPORATION 


AiResearch Industrial Division 


9225 South Aviation Blvd., Los Angeles 45, California 


y 





DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED 
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inating the need for nozzle rings 
and providing higher turbine 
efficiencies. 

AiResearch is a world leader in 
the development and manufacture 
of high performance, low cost 
turbochargers and turbocharger 
controls for internal combustion 
engines ranging from 50 to 700 hp. 


Your inquiries are invited. 


INDUSTRIAL PRODUCTS 
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Manufacturers have found that the slip-on- 
the-transmission-shaft feature of MECHANICS 
Roller Bearing UNIVERSAL JOINT reduces 
lost motion, excessive play, whip and runout to a mini- 
mum. This “‘C’’ type MECHANICS joint also saves time 
and money on the assembly line because it has less 
parts to handle. Give your product the benefits of NEW 
joint developments. SPECIFY MECHANICS Roller Bearing 
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UNIVERSAL JOINTS for main drives. Let our 


€ engineers help you design transmission lines 


better suited to the low floor board, more 
powerful engine and higher speed requirements of your 
future models. Send prints and specifications—for free 
prompt recommendations. 


MECHANICS UNIVERSAL JOINT DIVISION 


Borg-Warner *© 2022 Harrison Avenue, Rockford, Illinois 
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from specialized 


Powder Metallurgy Research 


. new uses and improved materials based on 


Nature’s Oldest Element 


Dm ose) 
me 


BRUSHES for all rotating electrical equipment Rare metal ELECTRICAL CONTACTS 





Carbon, its crystalline kin, 
graphite, and various metal 
powders are the raw materials 
of Stackpole Research—a spe- 
cialized branch of powder 


IN blending and molding aimed at 





developing new uses and im- 
proved manufacturing tech- 
SEAL WELDING Graphite niques for “Everything in 
Carbon but Diamonds.” 


Here, one of many new in- 
struments in the expanded 
Stackpole Research Laborato- 
ries—a nitrogen absorption 
analyzer — measures powder 
surface areas as part of a pro- 
gram to develop economical 
new techniques for milling car- 
bon powders. 


IX 


CATHODIC BRAZING BOATS 
PROTECTION and TRAYS 
ANODES 





Many of industry's most useful components are made 
by Stackpole from Carbon and Graphite Powders. 
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Hi-Torque brakes make underground hauling safer; 
hold 44 tons on 20% grades 


This shuttle car is one of several KW-Dart vehicles in use at the White 
Pine Copper Company mine at White Pine, Michigan. The cars are 
equipped with B.F.Goodrich Hi-Torque brakes, designed for heavyweight 
off-the-road vehicles. 

Each car weighs 44 tons fully loaded with copper ore. White Pine 
reports the ability of Hi-Torque brakes to handle such heavy loads safely 
is an outstanding advantage. With full loads, the vehicles hold on steep 
grades encountered in the mine, ranging up to 20 percent. 

The cars are being used on a round-the-clock basis, 7 days a week, with 
brakes applied most of the time the vehicles are moving. Yet in several 
months of operation no maintenance or replacements have been required. 

Investigate Hi-Torque brakes for your heavy duty vehicles...now avail- 
able on several makes of equipment. For booklet write B.F. Goodrich Aviation 
Products, a division of The B.F.Goodrich Company, Dept. SJ-12, Troy, Ohio. 


Closeup of Hi-Torque brakes on shuttle car 
wheel. The cars are used over hilly, rocky and 
muddy terrain. 


BE Goodrich Hi-Torque brakes 
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Complex or simple, your tubing components need precision bend- 
ing to fit right on your production line. Bundy turns out parts 
like the air-conditioner condenser coil shown below by the thou- 
sands. And Bundy can fabricate tight bends in the connecting 
lines between the condenser, evaporator, temperature regulation 


valve and discharge tube from Bundywelde, too. This is the 





tubing that has long been accepted as the safety standard of the 
automotive and refrigeration industries. Meets ASTM 254; Govt. 
Spec. MIL-T-3520, Type III. When you need tubing, phone, Bundyweld, double-walled from a single 
write or wire: Bundy Tubing Company, Detroit 14, Michigan. copper-plated steel strip, is metallurgi- 
cally bonded through 360° of wall contact. 
BUNDY TUBING COMPANY + DETROIT 14, MICH. + WINCHESTER, KY. « HOMETOWN, PA. It is lightweight and easily fabricated ... 
World’s largest producer of small-diameter tubing. Affiliated plants has remarkably high bursting and fatigue 
in Australia, Brazil, England, France, Germany, Italy, Japan. strengths. Sizes available up to %” O.D. 


i 


The condenser coil and connecting tubes 


a 
————— 







of this air conditioner supplied to Ford by 
the McCord Corp. are made from 
Bundyweld steel tubing. Double-walled 
Bundyweld provides leakproof depend- 


ability and important cost savings. 


BUNDYWELD. 
TUBING 











NEW Torque Converter — Transmission 
Packages from TWIN DISC 


@ Choice of standard mechanical transmissions—Fuller, 


Spicer or your own design 


@ Standard mechanical spring loaded clutches—Lipe or Spicer 


Twin Disc’s new torque converter- 
mechanical transmission units are the 
result of a design project in which 
Twin Disc engineers worked in close 
cooperation with engineers of lead- 
ing transmission manufacturers. What 
they perfected isa “package” designed 
to meet specialized power transmis- 
sion needs—the needs of vehicles en- 
gaged in frequent start-stop service 
or subject to wide variations in load 
conditions. 

With a Twin Disc converter-transmis- 
sion package, users of such vehicles 
can realize these important benefits: 
e Automatic torque multiplication in 

all gear ratios 
@ Sudden load increases easily han- 


20 


dled without shifting gears 
e Smooth, effortless starting—engine 


stalls completely eliminated 


e “Fluid cushion” protection through- 
out the drive train for less down- 
time, longer life 

© Increased driver efficiency because 
operation is far less fatiguing 

The new Twin Disc package offers 

several advantages over other conver- 

ter-transmission units. Capacity range 
is greater—up to 300 hp and 650 Ib-ft 
of torque. Furthermore, Twin Disc 
permits the user to select the make of 
transmission he prefers. A third 

“plus” feature is the fact that Twin 

Disc uses a standard spring-loaded 

clutch which provides the familiar 


“feel” that vehicle operators want. 
Twin Disc engineers will be glad 

to work with you in adapting this 

converter-transmission package to 


your vehicle’s requirements. 






Send for 
Bulletin 511 


TWIN DISC CLUTCH COMPANY 
RACINE, WISCONSIN 
HYDRAULIC DIVISION, Rockford, Illinois 
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Tung-Sol miniature lamps, in addition to the many manu- 
facturing tests, receive intensive tests by engineering and 
quality control to assure top performance within rigid limits. 


Here a spherical photometer collects all the light radiated 
from the lamp and measures it to insure production of a 
precise candlepower at the voltage and current for which 
the lamp is rated. This is one of the many reasons for the 
superior performance of Tung-Sol miniature lamps and 
their widespread use by leading car manufacturers. 


This test is an outstanding example of Tung-Sol’s leader- 
ship in the quality mass production of automotive lamps 
which started at the turn of the century when Tung-Sol 
produced the first successful electric headlamp. Automotive 
Products Division, Tung-Sol Electric Inc., Newark 4, N. J. 
TWX:NK193. 


(ts) T U N G * S 0 L HEADLAMPS -: MINIATURE LAMPS * FLASHERS 
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Compact valve design, easier operation 
with Torrington Needle Thrust Bearings 





—— 





Torrington Needle Thrust 
Bearing 






High thrust capacity, thin cross section and low unit cost have made Torrington Needle 
Thrust Bearings a natural choice for top valve performance. With Torrington Needle Thrust 
Bearings, only a fraction of the normal closing effort is needed. This puts less strain on 
the valve...means smoother, more reliable operation. Lifetime pregreasing insures peak 
efficiency over years of extra service life. 

Torrington Needle Thrust Bearings are exceptionally compact. They provide an as- 
sembled height far less than any other type of thrust bearing. They may be run directly on 
adjacent hardened and ground surfaces, or, as shown above, on standard Torrington thrust 
races. 

If you make gate valves, globe valves, angle valves—in fact, any valve closed on a 
threaded stem—you'll find it pays to investigate the top efficiency of Torrington Needle 
Thrust Bearings. Call or write Torrington—maker of every basic type of anti-friction bearing. 


Torrington Thrust Race 






progress through precision TORRINGTON BEARINGS 





THE TORRINGTON COMPANY Torrington, Conn. «© South Bend 21, Indiana 
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For Sake of Argument 


‘Haven't Got Time - 

“T haven’t got time” is usually uttered as a complaint. Actually, 
it is a truism. Man doesn’t have (possess) time — ever. It’s his 
self-built cross that he lets time possess him so regularly. 


When we discriminate enough in choosing objectives, we are 
likely to find time to do what is worthwhile for us to do.... 
We'll never have time, to be sure, to fulfill all the emotional de- 
sires and intellectual dreams which are latent in us. But con- 
tributing to our environment the best and most of which we are 
capable lies well within our own area of choice. 


Lack of time seldom blocks achievement, when desire is strong 
enough to stimulate decision; and decision is sharply-focused 
enough to make action easy, if not inevitable. 


A first need in escape from domination by the time concept is 
personal responsibility for making priority decisions. Few job 
requirements are so detailed as to leave no necessity for such 
decisions many times each day. 


Next need is to set up personal priority criteria. Then scores 
of daily priority decisions can begin to make themselves — by 
reference to the criteria. 


Each individual’s criteria, of course, have to be tailored to fit 
his particular job responsibilities — and his individual out-of- 
business-hours requirements. (The two aren’t always easy to 
equate.) 


One executive we know starts his priority criteria with: 

“T always try to put first — and act on immediately, if possible 
— whatever tasks or decisions will release the most other people 
to get on with their projects.” 


Yrinm Gece 
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ANOTHER CUSTOMER SERVICE FROM BENDIX .. . Brake Headquarters of the World 


Bendix maintains a fleet of mobile brake laboratories 


which are available to you. These laboratories contain 
nm i t advanced brake testing instruments and are manned by 
Bendix engineers. They bring Bendix brake experience 


and know-how right to your doorstep. 


The newest of these mobile labs, shown below, pro- 

vides outstanding facilities for testing heavy-duty 

ad e brakes. Latest electronic instruments observe and record 

temperatures, pressures and displacements in every 

> part of brakes being tested—they take the pulse of 
& # brakes working under GCW loads up to 65,000 pounds. 

Bendix designs, tests and produces more brakes than 

anybody else in the business. And mobile laboratory 

service is only one of the many advantages offered by 

Bendix .. . “brake headquarters of the world.” For 


help on your brake problems, write, wire or phone our 
Ry a ry Customer Application Engineers at South Bend. 











atu 
SENDIxX . 
MOB LABORATORY 


BRAKES) POWER Braue 
Bare 





lal 


a 


Newest Bendix mobile brake laboratory tests heavy-duty brakes. 
Tep photo shows Bendix engineer at instrument panel inside 
mobile lab. 


Bendix ‘hrision South Bend, inp. SRY" 


CORPORATION 











chips 





from SAE meetings, members, and committees 


presence of intelligent life ca- 

pable of some form of com- 
munication elsewhere in the uni- 
verse, “it must be done either 
through space travel—by us or 
them — or through observation or 
communication or combinations.” 
So Col. Paul A. Campbell, USAF 
Medical Corps summarizes in his 
recent speculative studies on pos- 
sibilities of extraterrestrial life. 

And, he points out, either route 
in going to be tough. “Either 
space travel, observation or com- 
munication require a minimum of 
10-plus years for travel or for light 
rays to reach our telescopes, or for 
radio waves to reach our receiv- 
ers.” (Campbell accepts the con- 
sensus of scientists that the Moon, 
Mars, and Venus are “devoid of 
indication recognizable as evi- 
dence of intelligent life at a level 
near our own.) He adds: 

“If a vehicle could reach, or 
travel at a speed even approach- 
ing, the speed of light, 22-plus 
years would be required for a 
round trip... to the only nearby 
stars that might support a plane- 
tary system not too unlike our 
own.” Then he concludes: 

“Determination of intelligent 
life elsewhere in the universe ... 
will require a considerably higher 
development of the state of the art 
of space and astronautical sci- 
ences than we have today.” 


I WE ARE TO DISCOVER the 


power has generated increas- 
ing interest among United 
States researchers since 1950. 
Twenty or more research teams 
in this country are now engaged 
in fuel cell studies of one kind or 
another, according to Lockheed’s 
M. Eisenberg. 
The fuel cell idea, of course, is 
actually quite old. Early in the 
1800’s unsuccessful experiments 


"Tivo FUEL CELL as a source of 


were made with carbon and nitric 
acid. In 1839, Sir William Grove 
actually described a hydrogen- 
oxygen fuel cell. Then, 50 yr 
later, Ludwig Mond and Charles 
Langer reported the first success- 
ful results in which current densi- 
ties of 6 amp per sq ft were re- 
corded. 

Fuel cell renaissance in our 
present technology, Eisenberg 
says, is perhaps due to the Russian 
O. K. Davtyan. Davtyan pub- 
lished in 1947 successful results 
with several types of fuel cells 
involving carbon and hydrogen. 
... His work was the starting point 
for studies by Francis Bacon in 
England from 1947 through 1955. 


85 in the form of cast- 


ings. The remaining 15% —in 
such parts as anodized grilles and 
emblems — is made from wrought 
material. 

Coming use of aluminum engine 
blocks, predicts A. F. Bauer of 
Doehler-Jarvis, will push alumi- 
num consumption up to or beyond 
the 100 lb per car mark in the next 
few years. 


OF ALUMINUM in 
O passenger cars is used 


SIDERED A SERIOUS HAZ- 

ARD to space travel as re- 
cently as May, 1958. Then, within 
a period of a few months, radia- 
tion became a major factor affect- 
ing the choice of trajectories, de- 
termining the size and weight of 
spacecraft and their physical con- 
figuration.... The radical change 
resulted from Van Allen’s discov- 
ery (announced May 1, 1958) of 
the great radiation belts around 
the earth; and discovery shortly 
thereafter of the so-called solar 
proton beams or solar cosmic rays. 


R ‘swereo WAS NOT CON- 


HEN A MISSILE RE-EN- 
W TERS THE ATMOSPHERE, 
the heating problem is less 
severe for a blunt one than for a 
slender one. For slender vehicles, 
the energy conversion occurs 
mainly by friction connected with 
the shear stresses along the sur- 
face. But on blunt objects, the 
drag is mainly caused by flow 
separation and the energy conver- 
sion into heat occurs in the wake 
behind the object. 


the kelps — the largest oce- 

anic species, some of which 
are over 100 ft long— down to 
unicellular microscopic forms. 
Green and blue-green unicellular 
microscopic algae are being used 
in photosynthetic gas exchange 
studies, to find the best one for use 
in long-term space flights. Such 
algae must have high photosyn- 
thetic efficiency and make opti- 
mum use of available energy and 
space. 


ype RANGE IN SIZE from 


LASMA, says Lockheed’s S. W. 
Kash, may properly be con- 
sidered a fourth phase of 
matter—the phase beyond the 
gaseous one. Actually, plasma is 
a gas containing an appreciable 
number of ions and electrons, the 
amounts of whose positive and 
negative charges are equal. So, 
from a macroscopic point of view, 
the gas is essentially neutral 
“Plasma and plasma phenom- 
ena,” Kash predicts, “are destined 
to play an increasingly important 
role in our developing technology. 
We may expect plasmas to be im- 
portant in communications, in 
space propulsion, in power produc- 
tion ...and in many other as yet 
unsuspected areas. 
“Plasma propulsion provides one 
of the more promising engines for 





DECEMBER, 1960 


25 








chips 








from SAE meetings, members, and committees 


. continued 


futuristic space travel. In plasma 
propulsion, propellant material 
can be accelerated to large veloci- 
ties by the use of electromagnetic 
forces.” 


HE SATURN PROGRAM will 
] explore the technical and 
economical feasibility of re- 
covering the multi-million dollar 
booster after flight. The applica- 
tion of multiple parachutes to slow 
descent, aided by solid propellant 
retarding rockets fired as the 
empty booster nears the ocean 
surface, should minimize impact 
damage. Detailed inspection of 
rocket engines recovered from the 
Atlantic and Pacific after aborted 
missile flights have indicated that 
recovery is feasible. Studies show 
that the majority of the engine 
hardware will be reusable provid- 
ing that adequate post recovery 
flushing and purging are accom- 
plished and that engine disassem- 
bly and servicing is completed in a 
reasonable time after immersion 
in the ocean. 


N DEVELOPMENT of new de- 
I signs and materials for valves, 

experimental alloys have been 
examined which exhibit hardness 
at 1400 F which are comparable 
to those of the material at room 
temperature. ... Ceramic coatings 
on heavy-duty valve stems have 
shown wear which can only be 
measured in tens of thousandths 
after hundreds of hours of opera- 
tion. 


PAIGN, manufacturers rep- 

resentatives saw F-84’s be- 
ing refuelled with fuel stored in 
open ditches. 


D rare: THE KOREAN CAM- 


ALGAE for use as a source of 

food and oxygen by men in 
space vehicles is a formidable task. 
Some 17,000 species of algae have 
already been classified — and 
there are probably many more. 
To date, two algae of the Chlorella 
genus appear most promising. 


G atear OF THE BEST 


GROUND SUPPORT 

EQUIPMENT — Mechanical 
and/or electrical components as- 
sembled as an end item of equip- 
ment to meet an _ operational 
and/or maintenance requirement. 
Equipment may be powered by a 
self-contained internal combus- 
tion engine or electric motor; gas 
or steam turbine engine; or by a 
separate power source; or it may 
be operated manually, self-pro- 
pelled, or towed. This equipment 
is used either in direct or indirect 
ground support of aircraft or mis- 
sile systems. 


A" FORCE DEFINITION OF 


HE FANTASTICALLY LOW 

FUEL CONSUMPTION at 

idling of the small diesel en- 
gine was never better shown than 
by a comparative test carried out 
some years ago, in which a diesel 
engine ran EIGHT TIMES as long 
as a comparable gasoline engine. 
The comparable gasoline and die- 
sel engines, as related by J. H. 
Pitchford, managing director of 
Ricardo & Co., were tested on ad- 
jacent test beds. After equal 
break-in periods, they were both 
set to idle exactly at the normal 
idling speed of 400 rpm, and tem- 
peratures were controlled closely. 
Each engine was given 214 pt of 
fuel. The gasoline engine petered 
out after 22 min, but the diesel ran 
unfalteringly for 2 hr, 50 min! 





ONDON TAXICABS are now al- 
most all diesel powered — 


there being some 5000 in 
service (although the first one was 
approved by the Commissioner of 
Police only in 1951). Reason: the 
85-90% average improvement in 
fuel consumption — under the pre- 
vailing light load running and 
idling conditions—as compared 
with cabs using gasoline engines. 


IL WELLS DRILLED AT 
O RANDOM, without scientific 

guidance, produce new oil 
fields, on the average, only once in 
thirty. On the other hand, wild- 
cat wells located on the basis of 
geology and geophysics — the best 
modern prospecting techniques — 
suceed, on the average, once in six. 


NTERPLANETARY SPACE from 

a terrestrial laboratory point of 

view, says scientist E. N. Parker 
of the University of Chicago, is 
“merely an excellent vacuum 
which is essentially free of any 
electric or magnetic fields. (At 
the orbit of the Earth the material 
density is of the order of magni- 
tude of 10? hydrogen ions and elec- 
trons per cm*...and the magnetic 
fields are usually only a few times 
10-° gauss.) A cubic meter of in- 
terplanetary space is an experi- 
mental void. 

But, looking at interplanetary 
space as a whole, he adds, we find 
“a remarkably energetic region of 
continually interacting magnetic 
fields and plasmas. This violent 
activity is driven by solar erup- 
tions and explosions collectively 
called solar activity.” 


HE AVERAGE TRANSPORT 
I AIRCRAFT in the United 
States will fly for 10 years be- 
fore it must land short of its des- 
tination because of mechanical 
failures, according to Douglas’ 
Harold W. Adams. About 20% of 
this average transport’s depar- 
tures —or about 200 per year — 
will be delayed from a few minutes 
to a few hours... . Of these delays, 
about half will be for mechanical 
reasons and half for weather or 
other nonmechanical reasons. 
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E XAC t! Y what happens 


when an automobile Ski d S P 


Presented are skid effects on steady turning 


and transient turning behavior . . 


. predicted via 


a mathematical model. Further study urged. 


y 


H. S. Radt, Jr. and W. F. Milliken, Jr. 


HE data on steady turning and transient 

turning behavior of a skidding automobile 
presented in this article were drawn from 
what the authors believe is the first report of 
“a simplified study of the smooth transition 
from ordinary turning to skidding behavior for 
automobiles.” 


The data result from use of a ‘“mathemati- 
cal model,” which “will predict a number of 
experimentally verifiable skidding characteris- 
tics and may be used for either simulation or 
calculation purposes.” 


BUT, the authors emphasize, such an over- 
simplified mathematical model “is hardly suit- 
able for detailed design use.” The next step, 
they feel, “should be one of developing more 
complete models and experimentally substan- 
tiating them. 


“Once a desirable level of completeness and 
verification has been attained,” they conclude, 
“one can readily envision a number of specific 
and practical applications.” 
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TEADY TURNING and transient turning behav- 

ior of a typical automobile during a skid are 
among the important areas in which skid charac- 
teristics are predicted from use of a mathematical 
model ...in recent studies at Cornell Aeronautical 
Laboratory. 

In development of the mathematical model, the 
effects of camber, roll-steer, and load transfer be- 
tween the wheels (from side-to-side and from front- 
to-rear) were considered to be negligible; as were 
the tire self-aligning torques. But care was taken 
to include smooth transition of tire side-force from 
zero at zero Slip angle up to the maximum side-force 
possible. 

In the problem chosen for solution, an automobile 
of typical proportions and weight with conventional 
c.g. position and tires were assumed. (For these 
conditions, the equations to be solved appear in Table 
1 ...and the vehicle and tire parameters are given 
in Table 2. A friction coefficient of 0.3, representa- 
tive of a wet road, was chosen. Solutions were ar- 
rived at by simulation on an analog computer. 


Steady turning behavior 


In skids initiated during turns without locked 
wheels, the effects of speed, driving thrust, and 
braking on steady turning behavior were calculated 
... as were the effects of the shape of the tire 
lateral-force curve. In the study of steady turning 
behavior, two types of skid behavior were defined: 
“spin-out” and “drift-out.” “Spin-out” is the con- 
dition which occurs at some front-wheel deflection 
when the yawing velocity will continue to increase 
with time, thus giving no steady turn. “Drift-out” 
is the condition which occurs when a driver — try- 
ing to take a curve whose radius is smaller than the 
minimum radius of turn (maximum steady turn) 
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Table 1 — Equations of Motion for Analog Computer Simulation : - 


mV (b+r)=Fy,+Fy, E 
I,t=aF, —bF 


F,. : \/n2W,? - (T, — B,)*{cos 5} 4-3 Hi o 27 a, — B{sin 5} 
Ree tase: Saul 
Fy, = \ u,*W,? —- (T, —B,)? dy ~ 5 a} + 97° 
5: C4, Table 2 — Parameters for Typical Passenger 
' \/uP2W,? - (T,-B,)? Automobile 
in > W-= 4520 lb 
a, = — = m=140 slugs 
V2? W,? — (7, — B,)* C, =-— 17,500 lb/rad (both front tires) 
OF C, 17,200 lb/rad (both rear tires) 
KePtw=s I, = 4000 slug-ft* 
a=488ft).., Ros 
4 br b = 5.62 ft | c.g. 46.5% 
™_ V u= 0.30 (worn, wet road) 
- T = 0 to 630 lb 
ewes | rdt’ B, = 0 to 590 Ib 
; B, = 0 to 680 lb , 
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EXACTLY what happens 
when an automobile SKIDS? 


. continued 


which can be negotiated —is forced to try to pro- 
duce a larger yawing velocity than is possible... 
and finds himself drifting gradually toward the out- 
side of the curve. 

The effects of speed on steady turning behavior 
are detailed in Fig. 1. Here the steady turning be- 
havior of the “typical” automobile is compared at 
20 fps and at 40 fps. These curves reveal that, at 
the lower velocity, the front-wheel deflection for 
maximum yawing velocity is greater. 

This simply shows the obvious fact that smaller 
steering motions are used at higher velocities. Sec- 
ond, it appears that the vehicle side-slip angle 8, is 
positive (slip to the right) for the lower velocity 
while 6 is negative (slip to left) for the 40 fps turns. 

Third, it is shown that the slip angle at the front 
wheels is always greater than the slip angle at the 
rear wheels. This is a requirement for the existence 
of a steady turn for the understeer automobile 
chosen for study. The decrease of side-force above 
5=17 deg at 20 fps is caused by the “steering” of the 
lateral force on the front wheels. More interesting 
than the above effects, however, is the comparison 
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of the minimum radii of turn for 20 and 40 fps. At 
20 fps the maximum yawing velocity is about 23 deg 
per sec, which corresponds to a minimum radius of 
turn of 50 ft, whereas at 40 fps the maximum yaw- 
ing velocity is about 13.6 deg per sec, giving a mini- 
mum radius of turn of about 170 ft. Thus, increasing 
the vehicle speed sharply reduces the road curvature 
which may be negotiated without “drift-out.” This 
simply emphasizes the necessity for driving slowly 
under conditions of low friction coefficient (0.3). 
At 40 fps, the maximum side-forces on the front 
and rear wheels are equal to the products »W,, and 
uW., which are the maximum possible forces avail- 
able. However, at 20 fps the maximum vehicle side- 
forces are lower than the corresponding maximum 
possible forces. This shows that the best perform- 
ance of the front and rear wheels is not fully utilized 
at 20 fps. 

Effects of driving thrust on steady turning be- 
havior are shown in Fig. 2. 

All responses shown in this figure are at 20 fps. 
The speed was purposely chosen at this low value to 
demonstrate the smooth transition from ordinary 
turning to skidding, for at 40 fps the transition is 
much more rapid. 

The solid curves show the steady turning behavior 
with no traction, while the dotted curves represent 
a driving thrust of 500 lb at the front or rear wheels, 
as noted. At about 9.4 deg of front-wheel deflection, 
we see that the automobile with rear drive will 
“spin-out,” while the front-drive automobile has 
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EXACTLY what happens 
when an automobile SKIDS? 


. continued 


very nearly the same yawing velocity as the auto- 
mobile with no traction. The corresponding maxi- 
mum yawing velocities are about 19 deg per sec for 
the rear drive and 21 deg per sec for the front 
drive, compared to 23 deg per sec for the automobile 
with no driving thrust. Thus, for the set of auto- 
mobile parameters chosen, a smaller radius of turn 
may be negotiated by the car with front drive than 
with rear drive. One major reason for this is the 
fact that steering of the driven front wheels pro- 
duces a moment about the c.g. (which tends to 
rotate the car further in the steered direction) and 
a side-force toward the inside of the turn. Another 
reason is that the 500-lb driving thrust reduces the 
maximum lateral tire force available at the rear 
wheels by 40%, while the same thrust reduces the 
maximum lateral tire force available on the front 
wheels by only 27% because of the forward c.g. 
position. 

The differences between “spin-out” and “drift- 
out” are clearly shown by the differences in re- 
sponses for front and rear drive. For example, the 
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Fig. 6 — Effect of speed on “spin-out” behavior with rear 


wheel driving thrust (500 Ib 


front slip angle is greater than the rear slip angle 
(for the understeer automobile used) for the front- 
drive case, while the two slip angles are nearly 
equal for the rear-drive case, thus leading to “‘spin- 
out.” Briefly, the front-drive case has responses 
similar to the automobile with no thrust, while the 
rear-drive automobile shows similar characteristics 
only to the point where “spin-out” occurs. 

According to the assumptions made in this theory, 
the effect of a 500-lb braking force on the rear only 
(for example, produced by engine motoring), would 
have resulted in the same curves as shown for 500 
.b of rear driving thrust. Similarly, a reduction of 
40% in the friction coefficient at the rear wheels, 
while maintaining the front-wheel friction coeffi- 
cient at 0.30, would have resulted in ‘“spin-out’’ 
characteristics as shown by the dotted curves of 
Fig. 2. We now note that maintaining a slightly 
higher friction coefficient at the rear wheels (for 
example, by the use of snow tires for snow condi- 
tions) is advantageous in avoiding “spin-out” in 
fact, it allows some latitude in the amount of thrust 
or engine braking which may be used without in- 
ducing “spin-out.” 

Effects of braking on steady turning behavior are 
detailed in Fig. 3. 

To demonstrate the effects of braking, we have 
determined the steady turn responses for a 1000-lb 
braking force applied with 600 lb on the front and 
400 lb on the rear. As mentioned, the fore-and-aft 
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Fig. 7 — Effect of braking on transient response to step front- 
wheel deflection at 20 fps 


load transfer has been neglected. The maximum 
turning rate is seen to be considerably reduced by 
braking. But, with the assumptions made, “drift- 
out,” rather than “spin-out,” occurs at maximum 
turning rate. Had fore-and-aft load transfer been 
included, the reduction in vertical load on the rear 
wheels would have caused “spin-out” at a turning 
rate below the maximum, for the weight and brak- 
ing force distributions given. With load transfer 
included, this simulation gives a powerful method 
for determining the effect of various distributions 
of braking force between front and rear. 

Another use of this braking-turning response is 
the estimation of the effect of application of the 
brakes in the event of a near-collision. We see that 
brake application reduces the ability of the driver 
to steer the automobile around an obstacle, even 
though the wheels are not locked. In fact, it is 
possible to demonstrate that, under certain condi- 
tions of braking force, friction coefficient, weight 
distribution, and load transfer, the automobile may 
actually “spin-out” as a result of simultaneous 
braking and steering in avoiding an obstacle...a 
fact well known from experience. 

Fig. 4 shows the effects of the shape of the tire 
lateral-force curve on steady turning behavior. 

It has been assumed that the tire lateral-force 
curve “flattens out” at high slip angles and that the 
lateral force then remains constant. Also, the effect 
of a decrease of friction coefficient with sliding 
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Fig. 8 — Effect of braking on transient response to step front- 
wheel deflection at 40 fps. 


velocity may cause the lateral force to decrease 
with increasing slip angle, after reaching a peak. 
Such a lateral-force curve was simulated on the 
analog computer by slightly altering the shape of 
the nondimensional side-force, f. The altered form 
had a maximum equal to the unaltered maximum 
and the decrease after the peak was along a straight 
line. This shape is shown by the dotted curve 
F, versus front-wheel deflection on Fig. 4. The re- 
sponses for the “normal” lateral force curves are 
shown by solid lines. 


Features apparent from the response curves are: 

First, beyond the peak lateral force, steady turns 
are still possible at the 20 fps speed shown. The 
reason: the rear-wheel slip angle does not reach the 
value at which the lateral force starts to decrease. 
If this peak is passed, any small disturbance (causing 
a slight increase of front or rear slip angle) results in 
a lower side-force, which gives rise to still larger 
slip angles. Thus, the automobile is unstable in 
side slip and no steady turns are possible above a 
certain front-wheel deflection. 

Second, the maximum yawing velocity is reduced 
for the dotted curves since the maximum lateral 
forces available remain unused. (The front and 
rear tire lateral forces do not reach their maxima 
at the same front-wheel deflection.) 

Third, for the type of condition shown by the 
dotted curves of Fig. 4, that is, where the turning 
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EXACTLY what happens 
when an automobile SKIDS? 


. continued 


rate peaks and then decreases, the driver may en- 
counter a “drift-out” condition exaggerated by nor- 
mal steering action. Assume that he enters a 
steady turn with a front-wheel deflection of 12 deg. 
If he finds the vehicle heading slightly toward the 
outside of the turn, his normal reaction will be to 
apply more of the same front-wheel deflection as a 
corrective action. This will aggravate matters, 
since an increase of front-wheel deflection will pro- 
duce an even lower turning rate, thus making the 
vehicle drift further out. There exists a similar 
effect on airplanes due to twisting of the wings, in 
which the effect of aileron deflection is reversed. 
This phenomenon is called “aileron control effec- 
tiveness reversal.” Hence, the above phenomenon 
may be deserved as “steering-wheel effectiveness 
reversal.” 


Transient turning behavior 


The study of transient turning behavior de- 
veloped data on the effect of front and rear driving 
thrust; of braking at 20 and 40 fps; of neutralizing 
the front-wheel deflection on “spin” recovery; and 
of spin recovery by a simulated “driver.” 

Fig. 5 shows the effect on transient turning be- 
havior of front and rear wheel driving thrust. The 
transient responses to a step change of front-wheel 
deflection of about 11 deg are shown for zero 
thrust and for front and rear driving thrust at 20 
fps. (This figure may be compared with Fig. 2, 
which shows the steady turning behavior for the 
same conditions.) 

A difference between front and rear drive is 
shown clearly here by the linear divergent charac- 
ter of the yawing velocity in the “spin-out” for rear 
drive, while the yawing velocity response reaches a 
slightly reduced constant value for the front-drive 
case. 

Fig. 6 shows the effect of speed on “spin-out” 
behavior during transient turning. 

To investigate the effect of speed on “spin-out,” 
a rear wheel driving thrust of 500 lb was assumed 
and transient responses were obtained at 20 and 
40 fps. Thus, at low speed the “spin-out” occurs 
gradually, while at higher speeds the “spin-out’’ 
occurs very rapidly, giving the driver little time for 
recovery action. For comparison, the response for 
a high friction coefficient surface is also shown for 
40 fps (no “spin”). 

Figs. 7 and 8 show the effect of braking at 20 and 
40 fps on transient turning behavior. 

These figures are comparable to Fig. 3 for steady 
turning with a 1000-lb braking force with 60% on 
the front and 40% on the rear. Since fore-and-aft 
load transfer has been neglected, the responses in 
Figs. 7 and 8 show no “spin-out.” Comparison be- 
tween Figs. 7 and 8 shows that the same amount of 
braking reduces the yawing velocity by a larger 
percentage at the higher speed. Thus, braking re- 
duces, by a larger amount at higher speeds, the 
driver’s ability to avoid an obstacle. 
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Fig. 9 illustrates the effect of neutralizing the 
front-wheel deflection on “spin” recovery in the 
case of transient turning behavior. 

To get an estimate of the ability of the driver to 
control or recover from a “spin-out” once it has 
begun, it is worth-while determining the effect of 
neutralizing the front-wheel deflection at various 
times. The solid curves show the “spin-out” de- 
veloping with the front wheel held at a fixed de- 
flection. If the front wheels are returned to neutral 
(zero deflection) in 1.54 sec, the yawing velocity de- 
creases to zero and the vehicle stops turning, end- 
ing up at a new heading angle of 20 deg (dotted 
curve). If, on the other hand, the front-wheel de- 
flection were held until 1.76 sec had elapsed and 
then returned to neutral, recovery from the spin 
would not have been achieved. Thus the timing of 
the control movement is critical in recovering from 
the “spin-out.” 

Figs. 10 and 11 show spin recovery by a simu- 
lated “driver” in connection with transient turn- 
ing behavior. 

To demonstrate the difficulties of driver control, 
a “driver” has been simulated on the analog com- 
puter. This was done by incorporating feedback to 
the front-wheel deflection from heading angle as 
an input. Such as oversimplified model of the 
driver assumes that he responds solely to heading 
angle, which obviously gives an incomplete repre- 
sentation. It is instructive, however, to note the 
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Fig. 9 — Effect of neutralizing front-wheel deflection on “spin” 
recovery at 40 fps with rear-wheel driving thrust (500 Ib). 
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similarity between the resulting vehicle responses 
and vehicle motions which actually occur in practice. 

In addition, it was necessary to allow some time 
during which the “driver” responded to the heading 
angle stimulus. This was done by the use of an 
ordinary linear first-order lag. The resulting effect 
may be represented by the equation 


$+5=ky 


where ¢t is the first-order lag time constant of the 
“driver” and k is the “driver’s gain” relative to head- 
ing angle. Lag time constants of 0.1 and 1.0 sec 
were used in the simulation in order to bracket the 
probable values for a real driver. 

For Fig. 10 the automovile, at a speed of 20 fps, 
has a rear-wheel thrust of 500 lb. The solid curves 
show the results of gradually increasing the front- 
wheel deflection up to 12.5 deg, without the driver 
responding to heading at all (that is, k=0). The 
dotted curves correspond to a lag time constant, t, 
of 0.1 sec and some feedback of heading to front- 
wheel deflection (that is, k~0. Finally, the third 
set of curves shows the responses for an equal value 
of k but for a “driver” lag of 1.0 sec. In both of the 
latter cases the “driver” successfully recovered from 
the spin, although for the 1.0-sec lag time constant 
“he” tended to overshoot slightly and required a 
small amount of negative steer angle to return to 
the final heading angle of 32 deg. 

Fig. 11 is still more interesting since the “driver” 
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Fig. 10 — “Spin” recovery by simulated “driver” at 20 fps. 
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has great difficulty in controlling the vehicle at the 
40-fps speed represented. Here, the solid curves 
represent a slow “driver” (with a 1.0-sec lag time 
constant) who also has a low gain, k. This is, he 
does not move the steering wheel very far for a 
small change in heading angle. 

Note that this “driver” has been unsuccessful in 
avoiding “spin-out.” The dotted curves represent 
a similarly slow “driver,” but one who is somewhat 
aware of the danger of the situation and therefore 
produces large steering wheel motions (that is, a 
larger value of k than in the previous case). This 
“driver” has successfully avoided “spinning-out’’ 
in the direction in which he was originally turning, 
but has overcontrolled and “spun-out” in the op- 
posite direction. 

Finally, a “driver” with the very short lag time 
constant of 0.1 sec with a “gain” similar to the 
previous ‘driver,’ successfully recovers from the 
“spin.” In doing so, however, “he” has moved the 
steering wheel (assuming a steering ratio of 25/1) 
through an angle of almost 270 deg in less than 2 
sec, and then rapidly returned it to neutral. This 
is the qualitative type of action required on the part 
of the “driver” to recover from a “spin,” once it is 
initiated. Such control is not impossible, but re- 
requires training to insure success. 
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How to survive the trip to Mars 


Space travel is fraught with disaster, 


but risks can be reduced if survival problem is tackled in 


both mission planning and vehicle design stages 


E. A. Smith and R. W. Connor 


OW that manned interplanetary flight is pre- 

dicted for 1980, planning for survival in space 
becomes imperative. A space vehicle on a trip to 
Mars could miss its target and drift helplessly for 
years, it could be punctured by a meteorite, or a 
mechanism could fail. The possibilities of disaster 
are great, but the chances of crew survival are by 
no means hopeless if the hazards are foreseen and 
survival techniques worked out as part of the over- 
all mission plan. 

If we set up the target of going to Mars in 80 days 
and returning in 290 days, with a payload of 70,000 
lb (life support and equipment weight), as was done 
to pursue this study and shown in profile in Fig. 1, 
we can see what the hazards are and what can be 
done to counter them. 


Adrift ir space 


The 80-day fast trajectory creates a special hazard 
for the manned vehicle if the braking engine fails 
during the approach to Mars. Within one hour the 
speed must be slowed from 5.5 miles per sec. With- 
out brakes, the high speed would take the vehicle 
beyond Mars, to cross the asteroid belt and Jupiter’s 
orbit before reaching aphelion near the orbit of 
Saturn. On the swing back it would cross Jupiter’s 
orbit and the asteroid belt again, as well as the orbit 
of Mars, making a perihelion passage near the 
earth’s orbit at a heliocentric velocity of 100,000 
mph, or 34,000 mph relative to earth. 

The magnitude of this post-disaster drift is shown 
for two cases in Fig. 2. One involves a passage near 
Mars with no significant perturbation by the plan- 
et’s gravity; the other a passage behind Mars de- 
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viated by approach at an altitude of about 100 km 
above the surface. The possibilities of collision with 
a planet or large asteroid, or capture by Jupiter or 
Saturn are ignored. A vehicle drifting along either 
of these paths would remain outside of Mars’ orbit 
for more than 11 years. 

Should the braking engine fail on the Mars-to- 
earth leg of the journey, the vehicle would be left 
in an elliptical orbit essentially in earth-Mars space 
where escape or rescue would be far more likely 
than during the 1l-year drift. 


On-board survival 


It would be fine to have an escape system capable 
of meeting all foreseeable disasters one that 
would combine a secondary means for braking with 
life support for 300 days — but a vehicle having this 
capability would weigh over 1,000,000 lb and be out 
of the question. The target requirements of a 70,- 
000-lb payload and an 80-day trip allow no reason- 
able chance for escape and so a high order of sur- 
vival and limited capability of escape become the 
target of design. 

For on-board survival you must have life support, 
maneuverability, and communications. These are 
incorporated in the vehicle shown in Fig. 3, which 
has been projected for an interplanetary scientific 
mission to take place around the year 1980. Inte- 
grated in the design are the requirements of primary 
mission survival, a high order of post-disaster sur- 
vival, and certain limited capabilities for rescue. 
For added insurance some systems are used in dupli- 
cate, while others are of the multipurpose type. 


Life support system 


Fig. 4 shows a profile view of our space vehicle 
and the life support system is shown in cutaway in 
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Fig. 5. The centrally located control compartment 
is the most protected part of the vehicle against 
radiation and meteorites. Here the entire crew can 
be shielded from directional radiation sources by 
the propellant tanks and powerplant, and from om- 
nidirectional components of radiation hazards by 
the equipment and other modules. 

If the vehicle support and laboratory modules are 
evacuated or become contaminated, you can seal 
them off by airlocks. The modular design allows 
dangerous or malfunctioning components to be jet- 
tisoned. You could dump the power, tankage, and 
second-stage engine modules and still have left 
what you need to stay alive. If all but one life sup- 
port system were thrown off, you would still have a 
closed ecological system, substantial stores, and the 
facilities of the control center, affording the last 
reasonable chance for survival for any length of 
time. If the crew were forced to hole up in a single 
life support module, lacking extensive radiation 
shielding and maintenance facilities, life would go 
on but not for long. 

Each of the five compartments has its life support. 
The four outer modules each have a closed ecologi- 
cal system using an algae photosynthetic gas ex- 
changer. Each system operates normally at 50% of 
rated capacity. Confine all the crew in one module 
and it would get half its requirements from that 
module and the other half from the open system 
using the stored sustenance supplies, which would 
be sufficient for half the mission. 


Safeguarding the atmosphere 


Techniques for maintaining the atmosphere illus- 
trate better than any other the application of dupli- 
cation, multiple usage, and maintenance-repair- 
modification to life support design. The atmosphere 
is contained in a multiwall pressure vessel, divided 
into five airlock-connected compartments. The 
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walls of the vessel are of welded steel, sandwich con- 
struction, each face of which is capable of with- 
standing the internal pressure loads to give a 100% 
redundancy in antileak reliability. The steel wall 
is a little over 0.010 in. thick, hence highly suscepti- 
ble to damage. For that reason, the vessel has an- 
other skin parallel to the first so that one can be 
repaired while the other holds the atmosphere. 

The hole-in-the-wall problem is one of the most 
serious facing the astronaut. The hole must be 
located and plugged quickly to prevent disaster, or 
the compartment must be vacated and sealed off. 
Small leaks cause the greatest difficulty and create 
the need for alarm systems. Penetration by a mod- 
erately large meteorite, say the size of a pea, would 
need no announcement. It would move through the 
cabin at Mach 10-30 or faster. Large meteorites 
would cause the loss of an entire module, or even 
the life support system, due to the resulting pressure 
waves in the structure and the contained atmos- 
phere. Fortunately, the chance of collision with 
such a large object is slim, especially inside Mars’ 
orbit. 

There are several ways you could handle leak 
detection. One would be to use the frame and 
stringer construction of the module to divide the 
space between the dual walls of the pressure vessel 
and the outer shell into cells. Each of these cells 
would be equipped with a gas detector sensitive to 
the helium in the cabin atmosphere. As the gas 
flowed through the leak it would cause the detector 
to register the location on internal displays and set 
off audible and visual alarms. 

A small hole could be very difficult to pinpoint, 
even if you Knew its approximate location. You 
could use an on-the-spot indicator such as a stetho- 
scope, colored gas, or perhaps a humidity-sensitive 
component of a wall covering, which would change 
color when the moisture laden air of the cabin 
passed through it. These would be of great assist- 
ance. Small holes could be closed temporarily by a 
self-sealing component of the plastic wall liner. 
The sealing action would be such as to allow just 
enough gas to pass into the leak detector cells to 
excite the sensors and discolor the wall to pinpoint 
the hole. For larger holes, blind rivets and pressure 
patches could be used for temporary repair. 


Making exterior repairs 


Really large holes or cracks requiring extensive 
work, such as welding, may call for the repairman 
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to work in a vacuum inside or outside of the vehicle. 
A pressure suit would be used inside while the main- 
tenance capsule (shown near the rendezvous air- 
locks in Fig. 5) would be used for external work. 
The maintenance capsule would be attached to the 
external shell and, although equipped with a self- 
contained system, would be connected to the pri- 
mary vehicle by an umbilical for air and communi- 
cation. When making external repairs, rotation of 
the life support system would be stopped temporarily 
to eliminate the risk of being thrown off into space. 

The pressure vessel in this projected space vehicle 
is protected from meteoric particles by a beryllium 
skin, which also acts as a heat shield. The skin is 
made of overlapping sandwich panels, which cover 
the cells in the frame and stringer structure and are 
easily removed for access to the pressure hull. 

You cannot expect a space cabin to be 100% air- 
tight and an allowance must be made for some leak- 
age. For this reason, each laboratory and support 
module has a reserve air supply to accommodate a 
nominal leakage rate of 1 lb per day for the mission 
duration, plus one complete refill for emergency. 
The control compartment with its external airlocks 
is estimated to need a reserve of 2 lb per day plus 
one complete refill. 


Maneuverability 


The second essential element for on-board sur- 
vival is maneuverability. If the power unit were 
destroyed, the vehicle would drift, requiring only 
attitude control supplied by maneuvering and atti- 
tude control jets. If certain parts of the main pro- 
pulsion system were still usable then there would 
be some interesting possibilities for limited power 
flight. 

Our projected vehicle has four different propul- 
sion systems. The nuclear propulsion unit, located 
in the power module about 200 ft from the life sup- 
port structure, serves four functions; nuclear brak- 
ing, nuclear braking vernier, nuclear- plasma thrust, 
and vehicle nonpropulsive power. Fig. 6 presents a 
schematic of the power module system. Here the 
key to the survival features of the system is the 
duality of the turbine-generator-pump system. 

If the turbine, generator, or pump failed, espe- 
cially during time of braking for Mars, you would 
ordinarily set forth on a long and probably fatal 11- 
year drift through the asteroid belt. But, by using 
the remaining components through the power di- 
vider, you could get reduced thrust to brake the 
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vehicle just outside Mars’ orbit and perhaps even 
return to that planet. You could use this duality 
just as well during departure from Mars and brak- 
ing at earth maneuvers. 

In view of the possibilities for disaster associated 
with a complete failure of the nuclear braking en- 
gine, it would be reassuring to have a redundancy 
of both expellant and engine. However, the mass 
of expellant needed is too great to permit duplica- 
tion. Moreover, a major engine disaster would 
probably destroy other components in the power 
module or at least make them radioactive and haz- 
ardous to repair. To duplicate the engine then, 
would mean duplication of the entire module and 
that would be an intolerable burden. You cannot 
escape the hazard of braking engine failure and so, 
rather than duplicate the power module, emphasis 
is placed on making the reactor and subsystems 
more reliable. 


Communications 


Duality is also provided for communications — the 
third essential for on-board survival. There is a 
long-range system using two large inflatable an- 
tennas erected above and below the vehicle, and 
there is a 4-antenna, short-range system flush- 
mounted near the antenna masts, which can be 
used for contacting rescuers if the large ones are 
not available. There are also beacons to guide res- 
cue efforts. 

The large antennas have a two-fold capability. 
They can continue to serve as antennas or they 
could be converted to auxiliary solar power sources 
by two methods. One method uses a solar cell 
matrix spread across the face of the antenna, and 
the output is connected to the cables which nor- 
mally bring signals and power to the microwave 
equipment. The other method relies on replacing 
the antenna feed assembly with a solar converter 
such as a turbogenerator system. In this case the 
antenna surface is made reflective by coating it or 
be removing a covering that has been used by the 
communications. 

Survival is, of course, related to mission time, 
payload, and cost. This study reveals, for example, 
that if the mission time were extended from 80 to 
94 days, those added two weeks would reduce drift 
from 11 to 4 years in the event of braking failure 
on approach to Mars. This is surely worth con- 
sideration. Again, we find the target weight of 
70,000 lb for life support to be wholly unrealistic. 
Keeping alive requires redundancies that are costly 
but nevertheless essential to both man and machine, 
even though they cannot guarantee 100% protection. 


To Order Paper No. 244A .. . 
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New look is needed 


at the problems of 
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UTOMATIC CHECKOUT EQUIPMENT will con- 

tinue to be less than satisfactory for airline uses 
until its use is envisioned when original airplane 
designs are made. Then, too, the detailed engineer- 
ing which follows must recognize the automatic 
checkout requirement as the system evolves. It 
can’t be added on or squeezed in later with entire 
satisfaction. 

Experience with both automatic and semiauto- 
matic checkout equipment in recent years leads to 
these conclusions. 

Routine, line maintenance problems, for example, 
call for entirely different solutions in terms of auto- 
matic equipment than do the problems of mainte- 
nance done at intervals of 100-2000 hr flight time. 
The routine, line maintenance can best be served by 
checkout equipment which is relatively “coarse” in 
nature. It just has to point out the faulty unit that 
is making the given system unusable. 

But the longer-spaced maintenance might well 
use more elaborate and more delicate automatic 
checkout equipment. Such equipment could delve 
more deeply into systems installed in the aircraft, be 
used back in the shop areas. It might well accom- 
plish what otherwise would be very long and arduous 
step-by-step checking of complex systems either 
prior to or following overhaul in a shop. 

In most cases, the aircraft and aircraft systems in 
current use were not designed to utilize automatic 
checkout units. The systems or equipment were not 
installed in the aircraft to permit use of automatic 
equipment ... without major modifications to wir- 
ing. 

So, communication between the airline user and 
the maker of the automatic equipment becomes of 
major importance. The airline user must be able to 
give the vendor sufficient information about a 
particular checkout situation so that the vendor can 
make an intelligent estimate of cost and weight — 
and be able to proceed to detailed design of the au- 
tomatic equipment. 

United Airlines, getting into experiments with use 
of automatic checkout equipment recently, fur- 
nished the following items to permit the potential 
builder of the equipment to supply a firm proposal 
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automatic checkout equipment 


against which a purchase contract could be written: 
1. Detailed, step-by-step test specification. 


2. Drawing showing the complete aircraft-in- 


stalled system. 


3. Complete description of the system operation 
in writing. 


. and following completion of contract negotia- 
tions, many more engineering man-hours will be 
spent with the vendor to insure a satisfactory result. 


Problems Are Many 


Typical of checkout equipment and of the prob- 
lems currently likely to come up is the semiauto- 
matic equipment United has been working with for 
checking out the automatic pilot system on its DC-8 
jet transports. The checkout equipment was devel- 
oped for United by the manufacturer of the auto- 
matic pilot system. 

This semiautomatic tester accomplishes 99 dis- 
tinct tests. It pinpoints the particular component 
within the automatic pilot system that should be 
removed or replaced to make the system operate 
satisfactorily. 

These testers are available for mechanics at rou- 
tine line maintenance stations to analyze and trou- 
bleshoot systems that flight crews have complained 
about. So far, these testers haven’t been used much 
because United’s DC-8’s aren’t yet fully equipped 
with the elaborate wiring-harness assembly and 
receptacle required to enable the mechanic to use 
the checkout equipment. (Often, a temporary har- 
ness has been installed. But installing and remov- 
ing it consumes so much time and takes so much ef- 
fort that mechanics get discouraged.) 

Too often; in airline work, troubleshooting proce- 
dure ends simply with replacing the biggest and 
most complex unit in the system, because the law of 
averages says this unit is likely to be the one to have 
trouble in it ... even though we Know that this 
“shot-gun method” is the most expensive we could 
possibly use. 

When we have actually used this semiautomatic 
checkout unit, however, it has been very valuable. 
It has permitted us to correct troubles before 
“squawks” come from the test flight crews. 

United is also developing currently a piece of auto- 
matic equipment for checking out the alternating- 
current generating system on its DC-8’s. In this 
case, United is working directly with the vendor. 
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This generating system is very complex. Elabo- 
rate protective mechanisms are necesary in conjunc- 
tion with engine-driven rotating machines mounted 
on each of the four engines. These must be driven 
at constant speed through a complex hydraulic- 
mechanical-drive system, which must be controlled 
with great precision so that four generators may be 
connected in parallel to serve the entire airplane 
electrical instrument and radio systems. 

At airframe overhaul periods, practically all the 
units of this system are removed from the airplane 
and taken to the shop for overhaul. It is to make 
this check — especially of the protective features of 
the generating system — that this new automatic 
equipment is being worked out with a vendor — who 
has the know-how and hardware to apply to our 
specific problem. One of the biggest problems faced 
in this case — as well as in others — is: “How do you 
get enough wires connected into the system to find 
out what you need to know?” 

Various things learned by United — which lead to 
the conclusion that original systems design con- 
cepts should envision the use of automatic checkout 
equipment — include the following: 


1. Automatic checkout equipment is most 
needed for complex systems in aircraft. It 
would be foolish to apply it to every unit. 
2. Automatic checkout equipment can be 
used most effectively at the beginning of 
operation of a new piece of flight equip- 
ment by the airline. 

3. The cost of the time-honored system of 
“black-box changing” is far too great to be 
continued in this jet age. 

4. It is desirable to have equipment that 
will accomplish “checkout in depth.” ...an 
autopilot tester, for example, of suitcase 
size that can do a pinpoint troubleshooting 
job. 

United definitely favors specific-purpose test 
equipment rather than general-purpose.  Fre- 
quently, more than one airplane needs work at the 
same station at the same time ... and we want 
equipment which can be used on any one of the 
planes. We want to keep checkout equipment in- 
ventories to a minimum. 

Also, the equipmeiat must have self-checking fea- 
tures by which the user can be assured that he’s 
getting precise information every time he uses it. 


To Order Paper No. 241C .. . 


from which material for this article was drawn, see p. 6. 


39 





High-speed DIESEL 


rates improvement 


High first cost, high weight, noise, and vibration are four 


shortcomings of the small, high-speed diesel, compared with the 


gasoline engine. Here are some suggestions for minimizing them. 


J. H. Pitchford 


ERE are some suggestions for improving the 
small, high-speed diesel to give: 

@ Lower first cost. 

@ Lighter weight. 

@ Less noise. 

@ Less vibration. 


First cost 


If the normal compression ratio for the gasoline 
engine during the next five years is assumed to be 
12/1— which is about its useful limit— then the 
peak pressures on which it must be designed will cer- 
tainly not be lower than in the equivalent small die- 
sel having some form of prechamber combustion 
system ...it may be slightly higher. The total dura- 
tion of application of the peak gas pressures will, 
however, be materially less for the gasoline engine 
because of light-load throttling. (See Fig. 1.) 

This means that, in so far as weight and quality of 
material in the basic engine structure are concerned, 
the difference will become small — as will its influ- 
ence on cost. Already, this convergence of design is 
clearly visible in certain small European engines in 
large production today. For one British engine, for 
example, the difference in price, compared with the 
diesel, for a complete vehicle costing $3500 is only 
$280. Here, the basic engine structure is the same, 
so that, considering the cost difference between the 
ignition and carburetor, on the one hand, and fuel 
injection equipment on the other, it appears that we 
shall be left with this difference as dominating the 
picture. 

What can we then reasonably hope for in the di- 
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rection of reducing the cost of this equipment? 
Concerning the pump itself, the problem is a difficult 
one, since the two conditions of a compact mecha- 
nism demanding short sealing lengths and the ex- 
tremely high and consistent standard of metering of 
fuel to individual lines are basically incompatible. 
The Hartford Machine Screw Co.’s Roosa-Master 
pump is a breakaway from the stereotyped formula 
of individual pumping elements. It has certainly 
made possible a worthwhile reduction in price of 
equipment for multicylinder engines. However, its 
very method of quantity control of fuel delivery has 
thrown up a certain number of problems, the correc- 
tion of which has tended sensibly to cut into the ini- 
tial, inherent saving. For instance, a method of con- 
trol that is effected by means of a variable start to 
the injection point in the sense of retarding the in- 
jection timing as the load is reduced is completely at 
variance with the engine requirement in the type of 
powerplant being considered. At the moment there 
seems to be no way out of the overall problem of the 
cost of the injection pump. 

Governors — Governors, in their more precise me- 
chanical form, constitute a relatively costly part of 
the injection equipment. 

Maybe, in the class and size of engine being con- 
sidered, we are being altogether too tender about 
maximum engine speed. We do not govern the small 
gasoline automotive engine today because it does not 
need to be governed, as at any throttle setting it is 
stable. Therefore, not even an idling governor is 
required, because of this inherent stability arising 
from the steeply diminishing weight of charge per 
cycle taken in by the cylinders with any speed in- 
crease. 

The need for governing the diesel arises basically, 
of course, from its inherent instability as regards 
fuel quantity injected per cycle, which tends to rise 
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Fig. 1 — Oscillograms of cylinder pressure in gasoline and diesel engines, 
taken at 2000 rpm 


with speed, particularly in the low-speed range. 
Some form of idling governor, must be provided, but 
a top-speed governor should not be required since, 
with the exception of rather heavier pistons arising 
from the more intense local heat flows, and rather 
shorter valve opening periods, the diesel is not sub- 
jected to any more severe dynamic limitations than 
its gasoline counterpart. 

Why not consider some variant of the well-known 
vacuum governor, or an even further simplified de- 
rivative thereof? ((See Fig. 2.) The vacuum gov- 
ernor can be admirably cheap and reliable; it is pos- 
sible to arrange its characteristic so that it will be 
both powerfully stable at idling and with any desired 
form of cut-off at the high-speed end. It tends to 
reduce top end fueling as air cleaners become ob- 
structed, and the throttle and venturi box is in itself 
a valuable contribution to air intake silencing. 

Fuel Injectors There are real possibilities here 
of a substantial saving in cost. This is particularly 
true if we accept the broad argument that, in the 
type and size of engine being considered, the com- 
bustion chamber must have a form in which the air 
is made to seek out the fuel, and not vice versa. In 
other words, if we use a combustion system in which 
a very vigorous compression generated turbulence 
or swirl is the dominant feature, the distribution of 
the injected fuel around the injector axis becomes 
of minor importance. This, in turn, means that an 
outwardly opening poppet form of nozzle can be 
used, which demands no close tolerances in manu- 
facture. Incidentally, this can be made, together 
with its holder, well within the compass of the di- 
mensions of a spark-plug, as shown in Fig. 3, and at 
a cost much below that of the current type of noz- 
zle. 

The new nozzle was developed in cooperation with 
C.A.V. The point has now been reached where sev- 
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Fig. 2— Idling governor. 
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Fig. 3 — Poppet nozzle that is no longer than a spark plug. 
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eral hundreds of this simple injector have been 
made as a preproduction batch. They are giving ex- 
cellent service in cab and van fleets at the present 
time. 


Weight 


Present-day small high-speed diesels, even those 
already proving themselves successful commercially, 
are unnecessarily heavy. On the average, they weigh 
30% more than their gasoline counterparts. This, in 
part, arises from the slightly increased material sec- 
tions throughout the engine, a more complicated 
cylinder head casting, a substantially heavier fly- 
wheel (primarily for starting purposes), and certain 
heavier auxiliaries. Careful design and the use of 
advanced foundry techniques will certainly produce 
a substantial reduction in this difference. But the 
right way to look at weight reduction is in terms of 
a reduction in weight per horsepower, that is, by 
striving further to increase the specific power output 
available. There is no doubt that here the diesel en- 
gine stands at a very real potential advantage. 

Because of detonation the normal gasoline engine 
is virtually debarred from taking real advantage 
from any means of increasing its intake pressure, 
whether by “ramming” or by some form of super- 
charging. The diesel, however, shows an almost 
pro rata response to increased intake pressure over 
a wide range. Fortunately, for the prechamber 
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forms of combustion system being considered, the 
increase in maximum gas pressure is relatively mod- 
est, and at a markedly lower rate than in the direct- 
injection engine. Incidentally, a welcome bonus is 
paid by the supercharged diesel in a marked reduc- 
tion in combustion noise, which is particularly evi- 
dent at part-load operation. 

On the other side of the ledger, the small diesel 
suffers more than does its gasoline counterpart from 
any tendency toward extreme over-square design. 
The reason for this is not far to seek. The output of 
any internal-combustion engine is ultimately de- 
pendent upon the proportion of the oxygen that the 
engine takes in and retains that can be effectively 
burned. When, as is inevitably the case in the very- 
large-bore, short-stroke engine, a high proportion 
of this oxygen is contained in a thin disc represent- 
ing the necessary mechanical clearance between the 
piston at tde and the cylinder head, the efficient and 
rapid carburetion with fuel and the burning of this 
sandwich becomes very difficult. One can readily ap- 
preciate how serious this question of unusable air 
can become when one attempts, by any of the devices 
so well-known in gasoline engines, to increase valve 
area in relation to bore size. The limiting stroke 
bore ratio for the small automotive diesel today, tak- 
ing all factors into consideration, is probably 
around 1.1/1. Beyond this stroke/bore ratio, there 
may be something to be gained in engine weight, but 
it is small and the increased friction in the large- 
bore, short-stroke engine resulting both from the 
large pins and journals, as well as from increased 
frequency of piston reversal, may easily offset any 
advantage gained. 


Noise 


Noise can be considered under two headings: (1) 
the fundamental, combustion-generated noise and 
(2) the outward radiation and transmission of this 
noise from the engine structure. 

In the high-speed diesel, it is virtually impossible 
to control or even to influence effectively the rate of 
inflammation by the rate at which fuel is injected 
into the combustion chamber, as well as to ensure 
sufficient time for a degree of mixing that will ensure 
clean and efficient combustion. This means that, at 
the moment when inflammation starts at some point 
in the combustion chamber — the location of which 
may be greatly influenced by the particular condi- 
tions prevailing — there is a body of partly vapor- 
ized fuel droplets whose envelopes of vapor are at, or 
very nearly at, the self-ignition temperature of the 
fuel. For this reason the fuel may ignite either from 
the progressive spread of flame from the initial nu- 
cleus, or by reason of a body of vapor reaching its 
effective self-ignition temperature, or by some mix- 
ture of these modes. This gives rise, at a chance de- 
gree of irregularity, to an initial rate of change of 
pressure rise in the cylinder of an altogether higher 
order than is the case with the progressive burning 
of the homogeneous charge in a spark-ignited gaso- 
line engine, even at the current high compression 
ratio. Fig. 1 gives a measure of the difference in 
energy available for noise excitation; this is signifi- 
cant in making comparisons, considering the rela- 
tively low mean load factor of most road vehicle en- 
gines. In dealing with at source noise control, the 
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rate of combustion (or rate of energy release) in the 
combustion chamber, coupled with the cycle-to- 
cycle regularity of its intensity, is of prime impor- 
tance. 

It was apparent during early work on the chamber 
shown in Fig. 4 that, not only was the near proximity 
of the fuel jet to the combustion-chamber wall es- 
sential for the realizations of a high level of air 
utilization — and consequently, for optimum smoke- 
limited exhaust performance — but also the com- 
bustion noise was much affected by the disposition 
of the fuel jet in relation to the wall. Thus, when 
one attempted to aim the jet other than very close 
and parallel to the wall, combustion noise became 
much more marked, reaching a maximum when the 
line of the jet was diagonal. 

This method of control appears to be particularly 
sensitive with regard to certain dimensions control- 
ling the position of the injector and to assembly 
limits on cylinder head and piston cavity relation- 
ship. Also, it is rather difficult to avoid smell and 
some smoke in the exhaust under frequent or pro- 
longed light-load conditions. 

The Mercedes-Benz prechamber engines illustrate 
another approach to combustion control. M-B re- 
search engineers seem to realize the importance, in 
this form of combustion chamber, of preventing 
combustion of any part of the injected fuel outside 
the prechamber before inflammation has been initi- 
ated therein. A physical obstruction on the axis of 
the injector in the prechamber is used to this end. 
In this form of chamber, where the prechamber vol- 
ume is relatively small and the co-axial passage con- 
necting it to the cylinder is also small in relation to 
the total quantity of injected fuel, this measure has 
been notably successful. The intensity of noise has, 
in recent models of this engine, been greatly reduced 
and its regularity improved. Experience has shown 
that, if cycle-to-cycle irregularity can be improved, 
a mean level of noise energy that would, under 
marked irregular conditions, be considered intoler- 
able, becomes at least acceptable if it is regular. 

Yet another mode of combustion is that engen- 
dered in the form of combustion chamber shown in 
Fig. 5. It was designed to combine an extremely 
high air utilization (up to 94% has been obtained), 
and consequently high bmep figures, with a fuel 
consumption that reflects only slightly the pumping 
and heat losses consequent upon compression turbu- 
lence. The clearance volume is, in fact, equally di- 
vided between swirl chamber and piston cavities, 
and a relatively large throat area can be tolerated 
with the highly organized air movement character- 
istic of the system. With this system, as with the 
preceding one, perhaps one of the most stubborn 
difficulties throughout has been the achievement of 
a worth-while reduction in irregular combustion 
noise at light loads and when idling. 

To aid our combustion research, we developed a 
direct photographic technique of the process of com- 
bustion, using a Wollensack Fastex camera operat- 
ing at 15,000 frames per sec. After eight years of 
work, we have obtained high-speed photographs in 
color of what is happening. We did this by auto- 
matically coupling the photographing of the gas with 
the fuel pressure characteristics and the injector 
needle movement. 

In the swirl chamber, combustion tends to start 
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Fig. 4 — Top hat combustion chamber. 








Fig. 5 — Ricardo Comet Mark V combustion chamber features 
extremely high air utilization. 
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High-speed DIESEL 
rates improvement 


. continued 


near the inner mouth of the connecting passage and 
to spread very rapidly into the piston cavity. If the 
initial nucleus can be moved more into the center of 
the swirl and located there more precisely, the en- 
gine runs quieter. Fig. 6 shows how the flame 
spreads to the piston cavities. 

Next, let us consider airborne and structure-borne 
transmission of noise. Current work in this field in- 
dicates that the direct structural transmission of 
frequencies in the irritating range through the flex- 
ible mounting units of the engine can be Kept so low 
as not to call for serious consideration as compared 
with the airborne transmission of such frequencies 
both to the vehicle occupants and to the world at 
large. Clearly, the transmission, amplification, and 
radiation as airborne noise of what arises in the 
combustion chamber involves the whole structure of 
the engine itself. Here are some ways to reduce 


Fig. 6 — Example of combustion photography, which shows 
how flame spreads to piston cavities. 
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total noise radiation: 

1. Maintain piston clearances at the absolute 
minimum, comparable with normal load require- 
ments. 

2. Main bearings diaphragms must be well ribbed 
and supported against flexing under load, especially 
the two end ones. Wherever posible they should not 
be too dependent for their location and their indi- 
vidual rigidity upon their attachment to the main 
external crankcase walls. Indeed, if one could ima- 
gine an engine without crankcase walls as such and 
with the main bearings carried in imensely stiff 
housings suspended directly from the cylinder block, 
one would have a relatively quiet engine. 

3. Unstressed covers, pressed or cast, should be 
acoustically insulated from the main stressed struc- 
ture. For example, the valve cover, and in many 
cases the front end timing cover, need have no di- 
rect metallic contact with either the faces against 
which they bear or the studs and nuts that secure 
them. The main surfaces of these covers should be 
generously ribbed or dimpled. One might reasona- 
bly think in terms of their manufacture in less re- 
sponsive plastic materials in the future. 

4. While the engine structure itself and the ex- 
posed ends of the crankshaft (that is fan pulley 
damper and flywheel) are the major noise radiators, 
we must not forget that there are a number of con- 
tributory factors that cannot be ignored. The air 
intake of the diesel, unless a vacuum governor is 
used, tends to be notably more difficult to silence 
than that of a carburetor, the offensive energy con- 
tent being in a lower frequency range. 

5. Fuel injection-equipment is far from blameless, 
particularly in the direct-injection engine, where 
high injection pressures prevail. A good deal can, in 
fact, be done in this field by (1) the use of the flange- 
mounted types of injection pump, which does not 
call for an external coupling, (2) the damping, with 
clamps and other means, of the high-pressure fuel 
pipes, and (3) by the use of synthetic rubber springs 
or steel springs molded in synthetic rubber for the 
injectors. 

Having now reduced the total energy radiated 
from the engine structure, how can this be still fur- 
ther attenuated? From the point of view of those 
inside the vehicle, a very great deal can be done sim- 
ply by a more widespread and more generous ap- 
plication of the various sound absorbent and acous- 
tically damping materials already being used in 
gasoline engine vehicles. Where it can be arranged 
without too much complication, an additional bulk- 
head between the engine and driver compartments 
pays off handsomely. 

A vastly more effective approach, but one that is 
relatively awkward to apply to conventional passen- 
ger cars, is to contain the power unit within a com- 
pletely enclosed and suitably lined inverted horse- 
shoe section tunnel, connecting at the forward end 
with the fan shroud and discharging as a flattened 
or suitable shaped orifice at a downward angle be- 
neath the toe board. If carefully carried out, this 
measure is extraordinarily effective. While diffi- 
cult to apply to existing vehicles, it could well be 
designed into a new project. It is particularly well 
suited to the forward control type of vehicle, which 
is today coming into greatly increasing use in the 
small truck, pickup, and light van fields. 
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Airborne external noise passes largely through 
the radiator in front and downward on to the road 
surface, whence it is reflected to a varying degree. 


Vibration 


The main difficulty with the diesel is that the 
forces generating torque recoil of the engine on its 
mountings, when running at low speeds and when 
idling, are of a much higher order than for the 
heavily throttled gasoline engine. If one makes 
the engine mounting sufficiently soft to accommo- 
date the displacement involved at idling speeds, it 
is well nigh impossible to avoid the engine passing 
through the natural frequency of the mounting on 
starting up or stopping, with alarming results. 

One possible way to reduce the vibrating forces 
would be a form of vacuum governor in which, when 
idling — and only when idling —a high degree of 
throttling, comparable with the gasoline engine, 
could be imposed. Something along these lines was, 
in fact, indicated in Fig. 2. Unfortunately, a high 
intake depression at idling tends to accentuate com- 
bustion noise. 
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Fig. 7 — Crankshaft vibra- 
tion damper applied to op- 
posed twin cylinder engine. 


What is really needed is some form of energy ab- 
sorber that does not depend upon reaction onto the 
vehicle structure itself. What we have actually tried 
experimentally, with quite promising results, has 
been, in effect, a friction-loaded ring around the full 
diameter of the bell housing in the form of a larger 
edition or a chankshaft vibration damper. This is 
shown diagrammatically in Fig. 7, applied to an op- 
posed twin cylinder engine. 

This measure calls for additional space around the 
bell housing, which might not be difficult to find in 
a cab-over-engine installation. 

The spread of automatic transmissions among the 
classes of vehicles being considered has a beneficial 
effect on torque recoil vibration since, by virtue of 
the fluid coupling involved, it is just not possible ac- 
cidentally or as a bad driving habit to impose a high 
torque at very low engine speeds. Incidentally, the 
coming of hydraulic operation of the conventional 
clutch has, of course, shown up as a valuable feature 
for the small diesel installation. 
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This ARTICLE describes the development of a 
thrust reverser (manufactured by Rohr Aircraft) 
which was designed as part of a Low Altitude, 
Low Speed, Control Development (LALSCD) re- 
search program. 


This program, resulting from an Air Force con- 
tract award to North American Aviation, was to 
develop and flight test an airborne system capa- 
ble of guiding and controlling an airplane through 
complete approach and landing. 


The thrust reverser, manufactured by Rohr Air- 
craft, is for speed and flight path control during 
the approach phase. 


W. T. Kehrer 


ULL-SCALE WIND TUNNEL TESTING made it 

possible to develop a thrust reverser which would 
provide a controllable drag level for stabilizing an 
airplane on extremely steep glide slopes. 

In fact, it is doubtful that a satisfactory con- 
figuration could have been achieved for the test 
vehicle (an F-100F single-engine fighter-bomber 
powered by a J57-P-21A turbojet engine) if reliance 
had to be placed only on flight evaluations. This is 
because the aerodynamic problems involved would 
have made any initial flight test program costly, un- 
safe, and prolonged. 


Design requirements 


These aerodynamic problems are a result of high- 
energy reversed exhaust gases producing large 
changes in normal airflow direction over tail sur- 
faces, causing greatly reduced (or complete loss in) 
dynamic pressure in this area. This can cause un- 
acceptable changes to basic airplane stability, un- 
acceptable losses in pitch and yaw control effective- 
ness, or extremely large trim changes with reverser 
operation. 

The need for precise directional control of re- 
versed exhaust gas pattern was particularly severe 
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for the F-100F since the thrust reverser is located 
immediately behind the horizontal and vertical tail 
surfaces. It seemed improbable that the airflow 
characteristics over the tail could be accurately 
predicted. So thrust reverser design had to be 
sufficiently flexible to permit a wide range of ad- 
justment of exhaust gas flow direction during 
development. 

Fig. 1 shows the design flexibility requirement. 
Reversed exhaust gases had to be directed into three 
separate jets in a Y-shaped pattern between the 
horizontal and vertical tail surfaces. In addition, 
control of exhaust gas turning angle, jet exhaust 
fan width, and jet peripheral spacing were required 
through the ranges shown in Fig. 1. Adjustment of 
the exhaust gas turning angle would permit chang- 
ing the magnitude of thrust reversal and the prox- 
imity of the exhaust flow to the tail and fuselage 
surfaces. Adjustments to peripheral spacing and 
exhaust fan width would provide directional ad- 
justment of the exhaust mass flow between the hori- 
zontal and vertical tails — and would allow adjust- 
ment of the vertical reaction forces at the thrust 
reverser. 

The need for a wide range of adjustment of ex- 
haust gas flow direction dictated selection of the 
cascade thrust reverser rather than the simpler tar- 
get type. With the cascade type, exhaust gas flow 
direction as it exits the reverser, is controlled by 
multiple turning vanes arranged in rows on the pe- 
riphery of the reverser barrel. ... This arrangement 
lends itself to exhaust flow directional adjustment 
through simple change in turning vane angles, and 
arrangement of the cascade exit areas. The target 
type of reverser doesn’t provide this kind of flexi- 
bility. ... A new thrust reverser would have to be 
built if the initial exhaust flow pattern wasn’t 
satisfactory. 

Magnitude of reverse thrust required was 40% of 
maximum forward thrust—-and was predicated 
upon maintaining the airplane at its normal landing 
approach speed on a 16-deg glide slope. 

Fig. 2 shows the thrust reverser designed by Rohr 
Aircraft. Major components are: 

1. Two clamshell type doors which block the en- 
gine exhaust gas flow. 

2. A hydraulic control system utilizing a single 
actuator to open and close the doors and provide 
any partial door opening to modulate thrust as 
desired. 


Thrust reverser developed 


... thanks to wind tunnel 
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3. Turning vane cascades arranged peripherally 
in three fan sectors, thus directing the engine ex- 
haust gas out and forward in a “Y” shaped pattern 
between the tail surfaces. Cover plates were pro- 
vided to block off cascades internally, and thus con- 
trol the direction of the reversed exhaust gases and 
the total exhaust area. In addition, three inter- 
changeable sets of cascades with different exhaust 
gas turning angles, designed to produce 30%, 40%, 
or 55% thrust reversal, were provided for develop- 
ment tests. 


Wind tunnel test program 


The configuration was modified four times during 
the course of wind tunnel tests conducted in the 40 
by 80-ft tunnel at Ames Research Center. Fig. 3 
shows the five reverser configurations tested in the 
wind tunnel. Reverse thrust for all five configura- 
tions was essentially equal to 40% of forward 
thrust at all power settings. Fig. 4 shows reverse 
thrust calibration obtained for the first configura- 
tion. It applies to all configurations since reverse 
installation was designed not to affect forward 
thrust. Thrust values shown were obtained for at- 
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mospheric conditions approximately equal to an Air 
Force summer day at sea level. 

Examination of test data from the first configura- 
tion showed large nose-up pitching moments at 
moderate to high engine power settings. Fig. 5 
shows in coefficient form the pitching moment of 
the airplane about its center of gravity as a function 
of lift for the basic airplane in forward thrust... 
and for all reverser configurations tested in full 
reverse thrust at 84% engine power. 

Nose-up pitch for configuration I was several 
times the pitch magnitude considered acceptable 
for inflight operation, and well beyond that which 
could be controlled with full stabilizer deflection to 
produce counteracting moment. Since the exhaust 
exit areas were theoretically balanced to eliminate 
any vertical jet reactions, it was assumed that this 
nose-up pitch was caused mostly by downwash in- 
duced at the horizontal stabilizer by reversed ex- 
haust gases from the upper cascade fans. 

In addition to the extreme nose-up pitching mo- 
ment, the exhaust gas pattern of configuration I 
sufficiently disrupted the freestream airflow over 
the vertical tail to produce an unacceptable loss in 
directional stability. 

This effect may be seen graphically in Fig. 6, 
which shows direction stability in the form of air- 
plane yawing moment coefficient plotted versus yaw 
angle for the forward thrust condition and for each 
of the configurations tested. This loss in directional 
stability was attributed to the fact that the high 
energy reversed exhaust gases caused a reduction 
in the dynamic pressure of the airflow over the 
vertical tail. 

Thus, configuration I showed the need to provide 
improved directional stability and to reduce the 
extreme nose-up pitching moment produced by 
thrust reverser operation. The second configura- 
tion (see Fig. 3) over-corrected the nose-up pitch- 


Ny ing moment to excessive nose-down pitching mo- 
~~ (Fig. 4). But the redirected exhaust gas flow 


Full-scale wind tunnel 
test installation. 
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Thrust reverser 


. continued 


reduced the directionally destabilizing effect of the 
reversed gases to an acceptable level (Fig. 5). 

Of great significance was an evaluation of the 
effects of reverser door position on reverse thrust 
magnitude and on airplane pitching and yawing 
moments which was conducted for this configura- 
tion. As shown in Fig. 7, movement of the reverser 
doors from fully open to 90% closed is required to 
reduce forward thrust to zero; and it is not until 
the doors are closed beyond this point that effective 
thrust reversal is obtained. Also, at the higher door 
closures (70% to fully closed) effective thrust levels 
become extremely sensitive to reverser door move- 
ment. The effects of door position were found to be 
typical for all of the reverser configurations evalu- 
ated during the program. 

Fig. 8 shows the longitudinal trim changes pro- 
duced with reverser door movement for all configur- 
ations tested. For configuration II, as the reverser 
doors are moved from fully open to approximately 
90% closed, increasing nose-up pitch is developed to 
a maximum of 0.04 pitching moment coefficient at 
90% door closure. This is equivalent to approxi- 
mately 4 deg stabilizer deflection. From 90% to 
fully closed, the pitching moment transitions to a 
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Fig. 4 — Reverse thrust calibration for Configuration |. 
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Fig. 5 — Effect of exhaust patterns on longitudinal stability. 
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Fig. 6 — Effect of exhaust patterns on directional stability. 
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Fig. 8 — Effect of reverser door position on longitudinal trim change. 
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Fig. 9 — Effect of reverse thrust on static longitudinal stability as ob- 
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Thrust reverser 


. . continued 


nose-down pitch, the magnitude of which is equal 
to approximately 6 deg of stabilizer. As may be seen 
in Fig. 8, the effect of door movement on airplane 
pitch is essentially the same from doors open to 90% 
closed for all configurations tested. This is assumed 
to be due to the fact that, because of door geometry, 
more gas is directed out the side exhaust fans than 
out the bottom fan at partial door closures. This 


results in a downward vertical reaction force at the ; 
reverser producing airplane nose-up pitch. As the : 


doors are closed beyond 90%, the influence of the 
exhaust fan pattern increases until at full door clo- 
sure, the fan arrangement dictates the aerodynamic 
effects. For this configuration, as for all configura- 
tions tested, door movement was found to have a 
negligible effect on directional characteristics. 


Final configuration 


As may be seen in Figs. 5 and 8, the final exhaust 
gas pattern accomplished its goal of providing a 
small nose-up longitudinal trim change in full re- 
verser thrust, thus minimizing the total pitch tran- 
sition with reverser door movements. 

A review of Figs. 5 and 8 at this time shows graph- 
icaily the progress made with each configuration 
change in the search for a reverser configuration 
which would provide effective reverse thrust without 
Significantly disturbing the airplane in pitch. In 
this respect, the final test configuration is consid- 
ered optimum for this thrust reverser design. In 
addition, for this configuration as for the others 
tested, no reduction in stabilizer effectiveness was 
noted. 

A slight loss in airplane directional stability was 
apparent for this configuration (Fig. 6) and rudder 
effectiveness also deteriorated somewhat. However, 
these degradations were well within acceptable lim- 
its, and of such small magnitude as to be indis- 
cernible to the pilot. 

Reverse thrust levels attainable with his configur- 
ation were satisfactory, being essentially equal to 
40% of forward thrust at all power settings as shown 
in Fig. 4. Again for this configuration the effect of 
reverser door position thrust was as previously dis- 
cussed for other configurations tested, and is typi- 
fied in Fig. 7. 


Flight test program 


Following establishment of a satisfactory thrust 
reverser exhaust gas fan configuration in the wind 
tunnel, structural modifications were made to the 
reverser and qualification tests were conducted to 
prove structural integrity and operational reliability. 
Prior to accomplishment of actual in-flight evalua- 
tions, modifications were made to the reverser to 
provide adequate “fail-safety.” The flight test pro- 
gram showed that the thrust reverser installed on 
the F-100F test airplane produced adequate reverse 
thrust, up to 40% of net forward thrust, with satis- 
tory small effects on airplane stability, trim, and 
handling characteristics. 
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why the 


Aircooled 
Engine 
is on the rise 


H. H. Haas 


IRCOOLED engines, particularly the diesel, are 

supplanting watercooled engines in agricultural 
and construction equipment the world over, with 
the notable exception of the United States. 

In West Germany the number of makers of air- 
cooled diesels has risen from four to 19 in 10 years, 
the number of models offered from eight to 64. Air- 
cooled engines are now found in 65% of all German 
tractors, on 90% of all construction industry equip- 
ment. In England, Switzerland, Czechoslovakia, and 
East Germany there is a similar but less marked 
trend. In the United States aircooling has been 
limited pretty much to lawnmower and aircraft 
engines. 


The world view 

Fig. 1 shows how aircooling and watercooling 
stack up in the United States, England, and West 
Germany. Aircooling predominates in the 1-5 hp 
and highest horsepower ranges. In the middle 
ranges there is as yet no pronounced trend, but 
wherever aircooling is introduced, it gains ground. 
Aiding in this sweep is an extension of the power 
range of 4-stroke, aircooled diesels down to 4 hp at 
3000 rpm and upward to 600 hp—the upper limit 
of commercial engines with exhaust turbochargers. 


Why aircooling? 

There is no single reason for the success of the 
aircooled engine; there are many reasons. The most 
outstanding is its reliability under severe operating 
conditions. Aircooled engines perform well at tem- 
peratures ranging from +120 to —65 F without spe- 
cial provisions. In event of cooling fan failure they 
will still operate at part load. They are free from 
the 20% of failures associated with watercooling 
and a like per cent of failures due to ignition 
systems. 

Wear of an aircooled engine is less than that of 
a watercooled one because the former reaches work- 
ing temperature quicker and is thus exposed to 
corrosion for a shorter period of time. The higher 
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World view shows 

West Germany far in lead, 
with the United States 
trailing the field. 
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cylinder liner temperature at part load also has a 
favorable effect on the wear rate. Cold starting is 
effected more easily and there is a greater tolerance 
to fuels. 


Advantages in manufacture 


While, in general, it costs more to manufacture 
an aircooled engine, it is possible to use one cylinder 
unit for a wide range of standardized engines (Fig. 
2). This permits use of mass production tooling to 
achieve low machining costs. This so-called “build- 
ing block principle” of manufacture is a great aid 
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Fig. 1— ESTIMATED PER- 
AIR CENTAGES OF AIRCOOLED 
COOLED AND LIQUID-COOLED EN- 
GINES in three countries broken 
down into fields of use. Fig- 
ures are for 1959. 
LIQUID 
COOLED 


PASSENGER Ali AIRCRAFT 
CARS FORCES | ENGINES 
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Fig. 2— MANUFACTURE OF 
THESE EIGHT, AIRCOOLED 
DIESELS is much simplified by 
using an identical cylinder unit, 
which creates a line of stand- 
ardized engines varying in horse- 
power. 


Fig. 3— COST OF REPLACEMENT PARTS 
AND OVERHAUL OF THE ENGINES power- 
ing the 16 different vehicles and pieces of 
equipment on this building site is reduced by 
the use of a single basic model engine varying 
in number of cylinders and in horsepower from 
15 to 200. 


to service since a relatively small stock of replace- 
ment parts will service engines ranging from 1 to 
12 cyl. Builders using tractors, trucks, earthmov- 
ing machinery, and other construction equipment 
powered by one basic engine model, but all varying 
in horsepower, are able to simplify replacement part 
and overhaul procedures (Fig. 3). This is extremely 
important in the export market, where the some- 
what higher initial cost of an aircooled engine:can 
be more than offset by savings in tools, stock, main- 
tenance, and training of personnel. 
To Order Paper No. 222A . 
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Based on re 


J. R. Forrester, Jr. 


Ford Motor Co . 


EW, colorful, rigid plastic materials are being 
rapidly adopted for both decorative and func- 
tional items in automobile interiors. The growing 
list of applications includes instrument panels, 
lenses, bezels, control Knobs, handles and trim 
designing panels. For most applications, these items come 
from the die with built-in color and texture ready 
for use, but they may also be painted or metallized, 
allowing almost any finish desired, as well as a broad 

range of physical properties. 
with Behind this success of plastics in automotive ap- 
plications, however, lies the designer’s ability to uti- 
lize the material properties and characteristics to 
their best advantage. This article illustrates the 
plast ics problems and methods involved in designing with 
plastics using current plastic automotive compo- 

nents as examples. 


New plastics 
Some idea of the rapid development of rigid plas- 
tic materials can be gained by recalling that just a 


Colorful plastics 


gain favor 


for automobile interiors 





Fig. 1 — ONE-PIECE 
MOLDED SEAT SIDE 
SHIELD. This molding re- 
quires no surface treatment 
or assembly operations prior 
to installation on the seat. 
High-density polyethylene 
was used for this part. 
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few years ago the automotive designer was limited to 
natural materials — metals, fibers, and rubber — 
supplemented only by phenolics and cellulose ace- 
tate. Today the list of rigid plastic materials in- 
cludes: acetal, acrylic, high-impact acrylic, cellulose 
acetate, cellulose acetate butyrate, cellulose acetate 
propionate, chlorinated polyether, nylon, polycar- 
bonate, high-density polyethylene, polypropylene, 
styrene, high-impact styrene, styrene acrylonitrile, 
styrene acrylonitrile butadiene. 

The rigid plastics are suited for many automotive 
applications where appearance and specific func- 
tional properties are required. There is a wide vari- 
ety of promising automotive applications, where the 
properties of the plastic materials may be matched 
with specific component requirements to provide 
parts with precise performance and appearance 
characteristics. To develop such items, however, it 
is essential to start with basic requirements and 
properties, and not with mere substitution for some 
other material in a conventional configuration. The 
success of a plastic part depends on the designer’s 
ability to utilize the material properties and charac- 
teristics to their best advantage. 

The selection of a plastic material based on the 
design criteria requires two types of information: 
functional requirements and material characteris- 
tics. Functional requirements include the location 
and function of the item on the vehicle, which dic- 
tates the requirements of environment, appearance, 
and service. Material characteristics cover physical 
and chemical properties. This information may be 
obtained from suppliers’ literature and other tech- 
nical publications, or by actual physical and chemi- 
cal investigation and component testing. Care must 
be exercised in the use and interpretation of mate- 
rial data to assure its proper application and to 
avoid improper evaluations and comparisons. For 
accurate comparisons and conclusions, all material 
data should be based on the same test conditions and 
methods. 


Design criteria 

Basic performance requirements should be estab- 
lished before the design of a plastic part is under- 
taken. Consideration must be given to environment, 
appearance, and service, and to the specific require- 
ments which these factors impose on the materials 
and parts. The fundamental characteristics that 
should be determined and for which limits should be 
established are: 


Environmental Factors— temperature exposure 
range, humidity condi- 
tions, exposure to sun- 
light, abrasion, dirt, cor- 
rosive media, and stain. 

Appearance Factors — color requirements, con- 
figuration, and surface 
finish. 

Service Factors — loadings, 
flexure. 


impact, and 


With these parameters established, their effect on 
a component exposed to such conditions and treat- 
ment will determine the material properties re- 
quired. The specific properties of the applicable 
plastics may be compared, taking into consideration 
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Fig. 2— POLYETHYLENE COWL SIDE PANEL is molded as 
one piece and can be textured and colored as desired. 


any of the following that apply: thermal expansion, 
heat distortion, resistance to color fading, resistance 
to solvents and corrosive media, effects of humidity, 
abrasion resistance, colorability, reproduceability of 
mold detail, compatibility with surface coatings, 
flexural modulus, ultimate strength, impact resist- 
ance, and hardness. 

From the plastic materials under consideration, 
those having adequate properties are determined by 
comparison with the performance requirements of 
the part. The choice of a particular plastic consists 
of a comparative evaluation of the materials and se- 
lection of that one which exhibits superior properties 
at the lowest cost. This comparison must include 
the consideration of molding and assembly methods 
to determine which material will provide the most 
economical fabrication of the component. 

The material specifications should adequately 
define the requirements without nonessential limita- 
tions. The same approach should be taken to estab- 
lish environment, appearance, and service require- 
ments of the part. Selection of extreme values will 
result either in an over-designed part or a material 
specification that requires properties beyond actual 
needs. The cost of such a part will be greater than 
necessary, and in some cases may even make the use 
of plastics for the component impractical. 

Realistic limits should be selected on the basis of 
established design standards and test data. Envi- 
ronmental requirements such as temperature, hu- 
midity, and sunlight exposure should be based on 
general test data and observation; and once estab- 
lished, they can be extended to cover a variety of 
specific applications on many vehicles. The follow- 
ing table of typical vehicle-interior temperatures is 
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plastics 
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. continued 


Fig. 3— MOLDED PLASTIC DOME 
LAMP PARTS AND ASSEMBLY. The 
lamp base is made from a thermosett- 
ing phenolic material bright vacuum 
metallized on the outer surfaces. The 
lamp lens is made from polypropylene 
and has a white, translucent quality to 
transmit and diffuse the light. 


Forrester 


J. R. FORRESTER, JR. graduated from Wayne 
State University with a B. S. degree in Chemical 
Engineering in 1936. He then joined the Detroit 
Testing Laboratory as an analytical chemist. 

In 1939 he began his association with the Ford 
Motor Co. as a Test Engineer in the Chemical and 
Metallurgical Department. 

In 1941, Forrester established and then super- 
vised the Physical Testing Laboratory of the 
Willow Run Bomber Plant. 

He was appointed Materials Engineer for the 
Engineering Staff in 1947 and is now supervisor 
of the Materials Development Section of the 
Product Study Engineering Office. 
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an example of data which is applicable not only toa 
variety of vehicles but also to a number of different 
locations in each vehicle. 


Typical Vehicle Interior Temperatures 
(Exterior Ambient Temperature 120 F) 


Reading Location Temperature Recorded, F 


Visor surface against windshield 215 
Surface of instrument panel 220 
Headlining at dome lamp 165 
Steering wheel surface 175 
Door panel at handles 155 
Rear floor mat surface 160 
Seat side shield 160 


This table was compiled from data obtained using 
a representative vehicle operating in the desert un- 
der extreme conditions of exposure and load to de- 
termine maximum temperatures. The readings rep- 
resent maximum temperatures recorded after a soak 
period with the completely closed vehicle facing the 
sun. Low-temperature conditions are more obvious, 
since after sufficient exposure all components of the 
vehicle will reach the ambient temperature as a 
minimum. 

Service factors such as loads, impact resistance, 
and flexure are determined by the specific compo- 
nents function and are usually unique for each ap- 
plication. These limits, therefore should be estab- 
lished only after careful review of the requirements, 
and in many cases experimental evaluation of the 
part. 


Typical applications 

Each application of plastic material should be 
considered separately, taking into account specific 
objectives of the component and the environmental 
factors. An evaluation of these factors makes it 
possible to select that plastic which can best meet 
the part requirements. As an illustration of some of 
the factors involved and the way in which a part can 
be designed, several examples of current plastic au- 
tomotive components follow. 

For some years, the front-seat side shield had 
been basically a steel stamping with a painted or 
plated finish. When a textured surface was desired, 
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a fabric or vinyl covering was added. A complete 
redesign of the part in rigid plastic was undertaken 
to improve its appearance and versatility. 

The basic design criteria required a material with 
the following properties: wide selection of stable 
colors; molding characteristics permitting unlimited 
reproduction of surface detail; abrasion and scratch 
resistance; suitable rigidity; impact resistance; tem- 
perature stability from — 40 to 160 F. 

After comparative evaluation and testing of vari- 
ous materials, high-density polyethylene was se- 
lected as the best material for this part, which as a 
one-piece molding required no surface treatment or 
assembly operations prior to installation on the seat. 
The plastic part provides wide latitude in configura- 
tion and permits adjacent smooth and textured 
areas for contrast as desired. In addition to com- 
parable performance with light weight, the plastic 
part resulted in a cost saving over the original metal 
part (Fig. 1). 

A part with similar design criteria, for which high- 
density polyethylene was also selected, is the cowl 
side panel. As a one-piece molded part, textured 
and colored as desired, it is more attractive, stable, 
and durable than the original component (Fig. 2). 

The dome lamp assembly provides two examples of 
plastic materials to meet different design criteria. 
The lamp base requires the following specific mate- 
rial properties: temperature stability of —40 to 165 
F; rigidity; surface hardness; and the ability to be 
surfaced coated. 

A thermosetting phenolic material was selected 
for a plastic part to replace the zinc die casting de- 
sign. When bright vacuum metallized on the outer 
surfaces, it produced a durable, light-weight, and 
economical part. It is interesting to note that after 
several years, however, further material develop- 
ment brought about a new design, with acrylonitrile- 
butadiene-styrine plastic as a replacement for the 
phenolic resin, with further product improvement. 


The lamp lens requires a material with properties 
similar to the base, except that in place of a surface 
coating, it must have a white, a translucent quality 
to transmit and diffuse the light. Polypropylene was 
chosen for this application and provided a durable 
part of pleasing appearance and color (Fig. 3). The 
low temperature impact performance of the part is 
an example of component testing and usage proving 
a material suitable for an application despite mate- 
rial characteristics which would indicate inadequate 
properties. 

These examples of parts application are only a few 
of those employed on current automobiles, however, 
they illustrate the problems and methods in design- 
ing with plastics. In many cases more than one 
plastic material could be used to produce a satisfac- 
tory part, but based on all of the factors involved, 
one material will prove best. However, no material 
selection need be considered final, since new mate- 
rials or changes in component requirements can 
make another material advantageous, as was the 
case with the dome-lamp base. 

When all of the design and functional considera- 
tions are accurately determined and translated into 
a part design which takes advantage of a plastic ma- 
terial’s specific properties, the resulting component 
will be a unique, durable, attractive, and economical 
part. 
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Multipurpose 
Vehicle 


“Mothers” 
Jet 
on Ground 


Raced on 6 


Robert F. Ad 
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MULTIPURPOSE vehicle has 
been developed which will 
maneuver a jet around an air- 
port, start its engine, and provide 
it with auxiliary electrical power. 

The vehicle, made by American 
Machine & Foundry Co. and bap- 
tized “pilot tug,’ is controlled 
from the cockpit of the airplane 
and will maneuver as freely as 
the jet’s own engine and at a 
significantly lower cost. 

Advantages promised from this 
new ground handling equipment 
are: elimination of jet engine 
noise, fumes, and blast while 
maneuvering a jet in the neigh- 
borhood of terminal areas. 

It will reduce the heavy con- 
sumption of fuel necessitated by 
taxiing, and eliminate the neces- 
sity for keeping ramp areas free 
of foreign objects that might be 
ingested by the engines. 

Moreover, it will perform its 
various functions with speed and 
efficiency. 


Mi To Order Paper No. 241B... 
from which material for this article 
was drawn, see p. 6. 
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New techniques prove effective for 


Testing elevated temperature 


S. L. Shaw and C. H. Stevenson 


ESISTANCE heating and heating with quartz 

lamps are two methods being used to great ad- 
vantage for the testing of structures subjected to 
elevated temperatures. 

Resistance heating, in which the test specimen 
serves as the resistive element in a low-voltage, 
high-current circuit, can be used effectively for nu- 
merous material tests. The quartz heat lamp has 
made it possible to obtain closely controlled and 
highly transient elevated temperatures over large 
areas of various shapes. 


Resistance heating 


Resistance heating is particularly well suited for 
specimen testing at rapid heating rates, short-time 
creep tests, or even programmed stress-temperature 
tests if elaborate voltage control equipment is avail- 
able. Many tests of this nature can be made in any 
laboratory with a simple primary voltage control 
(variable transformer) on house a-c power and a 
stepdown transformer to provide a high current 
flow through the specimen. Fig. 1 illustrates the use 
of this technique to test a metal honeycomb struc- 
ture. 

A different form of resistance heating can be used 
to heat composite structures during structural test- 
ing. For complex shapes or for local heat, the re- 
sistive elements in the form of wires or special re- 
sistive coating can be obtained prefabricated inside 
of thin insulative sheets. These “heat blankets” 
can be custom-fitted to the structure members and 
voltage regulation controllers used to maintain the 
desired temperature. Such a blanket has been used 
to heat a fuselage frame to the proper temperature 
during test of the entire airframe. The actual heat 
source was the jet engine tailpipe, which heated the 
adjacent frames while the external airflow cooled 
the surface skin to near ambient. Using the ma- 
terial itself as the resistive element, the tempera- 


56 * 


ture can be increased to near the melting point of 
the material while the heat blankets are limited by 
the necessary insulative material to operation in 
the 400-500 F range. 


Quartz heat lamp method 


The quartz heat lamp consists of a coiled tung- 
sten filament in an evacuated 3g-in. diameter clear 
quartz tube and is available in a variety of lengths 
from 5 to 50 in. The lamps can be arranged in any 
number of ways in reflector assemblies to provide 
“radiators,” which in turn can be positioned to di- 
rect radiant energy onto the test article as desired. 
When the radiant energy is absorbed by the surface 
of the test article (painted black for higher ab- 
sorbence if necessary), it is converted into heat 
which is then conducted into the article to give a 
realistic simulation of aerodynamic heating. 

Since the radiation is a function of input voltage, 
the heat input can be controlled closely by voltage 
regulators. Manual control is feasible for certain 
tests, but automatic control is needed if the test 
temperatures are transient, or vary over the test 
area, or the thermal capacity of the heated section 
is low. A closed loop control system wherein a tem- 
perature versus time program is followed is the most 
satisfactory and commonly used. The time-tem- 
perature information is calculated for the structure 
from a knowledge of the aerodynamic environment 
and heat transfer characteristics. The time-tem- 
perature record is the input to the lamp controller 
as an electrical signal from a function generator. 
As the thermal radiation from the lamp heats the 
structure, a thermocouple senses the temperature 
rise and feeds back an electric signal to the con- 
troller. The error between the input and feedback 
signal is amplified and drives the voltage regulator 
until the desired temperature is reached. 

Such control units are available commercially 
and any laboratory with sufficient electrical power 
—and enough money — can have the most versa- 
tile of elevated temperature testing equipment. The 
power required and the number of channels of con- 
trol depend on the temperature range desired. At 
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structures 


Wright Air Development Center Laboratory, test 
articles ranging in size from conventional tensile 
specimens to complete airplanes can be accommo- 
dated. Heat inputs up to 200 Btu/ft?-sec and tem- 
peratures up to 3000 F can be achieved for short 
times. On structures tested at more commonplace 
temperatures of heat inputs, temperature can be 
held to within 1 or 2 F of the stated condition. 


Hints on quartz lamp use 


The aerodynamic heating of a simulated super- 
sonic bomb rack and pylon installation is shown in 
Fig. 2. To be noted here is the nesting around the 
test article of the polished aluminum reflector con- 
taining the 25-in. quartz lamps. Overlapping the 
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Fig. 1 — In this example of resistance heating, a metal honey- 
comb is being loaded in flatwise tension while one face skin is 
heated at the desired rapid rate. This provides the desired sim- 
ulation of transient elevated temperature on the face skin with a 
direct loading on the adhesive bond between core and face skins. 


Fig. 2 — Aerodynamic heating of a 
supersonic bomb rack and pylon is 
simulated by a battery of quartz 
heat lamps, which is placed inside a 
polished aluminum reflector nested 
around the test article. 
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temperature structures 


. continued 


lamp ends and using large reflectors has proved 
better than using individual or small reflectors be- 
cause of the cold spots formed in the structure 
under the heat lamp discontinuities at lamp ends 
and where reflectors join together. Aluminum re- 
flectors are satisfactory up to about 600 F, when 
surface oxidation reduces the reflectance. However, 
many tests can be conducted within this limitation 
by making the reflectors of heavier gage metal, 
blackening the outside, and force cooling to keep 
reflector temperature down. For more demanding 
tests, stainless steel shapes coated with ceramic with 
fired-on gold reflective surfaces are to be had which 
will function well to 1500 F. By aircooling or water- 
cooling these reflectors and protecting the lamp end 
seals, the full heat potential of the lamps can be 
harnessed. 

The quartz heat lamp affords a near-ideal heat 
source to test materials and structural components 
for the ultra-short time, high intensity heat ex- 
posure encountered by aircraft in proximity to nu- 
clear weapon explosions. Closely spaced rows of 
lamps arranged in double banks, one behind the 
other, and operated at double rated voltage provide 
a very practical simulation of the thermal radia- 
tion from a nuclear weapon. 


Quartz lamp versatility 


The absorptivity or reflectivity of a material or 
surface coating can be obtained readily by exposing 
a thin, flat test specimen to the radiation of a bank 
of quartz heat lamps. The rate of temperature in- 
crease determined from a thermocouple time-tem- 
perature record and the radiant heat intensity are 
sufficient data from which to calculate the per cent 
absorbence or reflectance. Convection, conduction, 
and re-radiation losses can be made negligible or 
the calculations refined by including these effects. 
The versatility of this simple technique is realized 
when voltage control of the lamps is available. The 
bank of lamps is an excellent source of uniform, 
nearly black body, radiation easily varied from 1000 
to 6000 deg Rankine and the radiant response of 
materials to source energies from near ambient to 
near solar can be determined. Per cent transmis- 
sion can also be determined by placing a calori- 
meter or radiometer behind the specimen during 
radiant exposure. This technique can be used to 
determine emissivity data on opaque materials if 
more suitable equipment is unavailable, since the 
emissivity of a surface at a given temperature is 
equal to the absorptivity of the surface for incident 
radiation from a source of the same temperature. 
Exposing an especially instrumented test material 
to a bank of heat lamps has also been used to de- 
termine diffusivity of the material as a function of 
temperature. Data from three thermocouples 
within the material undergoing a transient heating 
establish the temperature gradient and thus the dif- 
fusivity can be determined directly. 
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Combustion is 


Throttled Liquid 


Smooth starting and 
below 60 psia promise a 


liquid hydrogen-fluorine 


n 


Edward W. Otto and Richard A. Flage 


YDROGEN-FLUORINE propellants for variable 
thrust rocket engines have stable combustion 
characteristics over a wide thrust range, tests at 
NASA show. Particularly important is the smooth 
startup and combustion at engine chamber pressures 
of 60 psia and below, for it is here that deteriorating 
injector atomization might be expected to cause 
combustion instability. 

The tests were carried out on an engine rated at 
5000-lb thrust at 300-psia chamber pressure at sea- 
level exhaust. An ejector was used to provide lower 
exhaust pressures for runs where the chamber pres- 
sure was under 300 psia. Control valves in each of 
the feed lines produced both the desired oxidant/fuel 
(0/F) ratio and the throttling of the engine. Sche- 
matics of the system and its control are shown in 
Figs. 1 and 2. 


Stability results 


The amplitude and frequency of combustion 
chamber pressure variations show the degree of sta- 
bility within the engine. The results for three 0/F 
ratios are shown in Figs. 3 and 4. 

From a norma! start to 60 psia combustion cham- 
ber pressure, there is negligible oscillation. From 
this point until a chamber pressure of approximately 
100 psia, there is a peaking in amplitude at two pre- 
dominant frequencies, 200 and 75 cps. The first of 
these was traced to a resonance in the fluorine feed 
line between the control value and the injector. 
(This line had an organ-pipe frequency of 200 cps 
while all other lines were at least two octaves 
higher.) The second frequency of 75 cps appears to 
be a degree of actual combustion instability that oc- 
curred at the near stoichiometric 0/F ratio of 15.67. 
However, the amplitude of 12% resonant peak was 
not considered serious. 
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Fig. 1 — Schematic diagram of rocket engine and propel- 
lant feed system shows the separate controls for hydrogen 
and fluorine feed. Each control valve is a standard plug- 
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valve body, seal, and linear plug and seat assembly actu- 50L | | | 

ated by a specially designed electro-hydraulic servo valve 0 50 100 150 200 250 300 350 400 
and piston assembly. This assembly, together with the COMBUSTION CHAMBER PRESSURE (P,), PSIA 
valve-position pickup and electronic amplifier, form a Fig. 3—- Combustion chamber noise frequency as a function of chamber pressure 
positional servomotor responding to an input voltage. and 0/F ratio. 
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Fig. 4— Combustion chamber per 
cent pressure variation as a func- 
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Fig. | — Rotary wear sample (left); stationary wear sample (right). 
Both samples are coated, ground and lapped, ready for test 


Fig. 2— LW-1 coating (rotary) versus 440C stainless (right) after 7-hr 
wear test at 1000 F. No lubricant, load = 500 psi, speed = 10 fpm. 





Fig. 4 — 440 C stainless (rotary) versus M2 tool steel (right) after 7-hr 
wear test at 1000 F. No lubricant, load = 500 psi, speed = 10 fpm 


Wear tests spot 
best mating materials 


L. E. Fuller 


NLUBRICATED, high-load low-speed wear tests 
of mating materials subject to high tempera- 
tures in air reveal that: 


1. Special hard materials including carbides and 
oxides have better mating properties with certain 
other hard materials and metal alloys than the mat- 
ing of unlike metals or the like metals which were 
tested. 

2. Those special hard materials tested having a 
multiphase structure had better self-mating proper- 
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ties than the single-phase materials tested. 

3. With suitable mating materials, wear at high 
temperature is predominantly by adhesion, that is, 
effects of oxidation, surface fatigue, and abrasion 
are small. 


Table 1 shows the cross-mutual compatibility rat- 
ings of all possible combinations of eight different 
materials. Table 2 presents the numerical wear rate 
and coefficient of friction values. Fig. 1 shows typi- 
cal samples ready for test while Figs. 2-8 show the 
surface condition of several after-test samples. 


Test results 


Of all combinations tested to date chromium car- 
bide coating (LC-1A) versus aluminum oxide coat- 


SAE JOURNAL 
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Fig. 3 — LW-1 coating (left) versus LW-1 coating after 7-hr wear test 
at 1000 F. No lubricant, load = 500 psi, speed = 10 fpm. 





Fig. 5—LC-1A coating (left) versus LC-1A coating after 7-hr wear Fig. 6 — Inconel-X (left) versus Inconel-X after 4-hr wear test at 1400 
test at 1400 F. No lubricant, load = 500 psi, speed = 10 fpm. F. No lubricant, load = 500 psi, speed= 10 fpm. Note extremely deep 
wear in intended wear track and wide track on stationary sample caused 


by rubbing on rotary sample holder. 


a 


Fig. 7 — Haynes alloy No. 25 (left) versus Haynes alloy No. 25 after Fig. 8—LC-1A coating (left) versus LA-2 coating (rotary) after 7-hr 
7-hr wear test at 1400 F. No lubricant, load = 500 psi, speed= 10 fpm. wear test at 1400 F. No lubricant, load = 500 psi, speed = 10 fpm. 
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Results should prove helpful in the selection of materials for high-temperature 


valves, control linkage bearings, pneumatic cylinders and seals. 
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Wear tests spot 
best mating materials 


. continued 





Metres UL 


Table 1 — Mating Compatibility Chart Rating and 
Test Temperature, F 


w 
nw _ N 
£ 3: 5 
. = <_ 1 
“ Us E ” $3 N $ e 
N = 5 
$3 J 222 5 9 fF 
E 
LW-1 Coating 1000 
E F 
440C Stainless Steel 1000 1000 
G P P 
M2 Tool Steel 1000 1000 1000 
G G F G 
LW-5 Coating 1000 1000 1000 1400 
G F P E F 
Haynes Alloy 25 1000 1000 1000 1400 1400 
F F F G E P 
LA-2 Coating 1000 1000 1000 1400 1400 1400 
G G F G G E E 
LC-1A Coating 1000 1000 1000 1400 1400 1400 1400 


P P P P P P P P 


Inconel-X | 1000 1000 1000 1400 1400 1400 1400 1400 


Symbols : E — excellent; G — good; F — fair; P — poor. 


Composition and Condition of Materials in Wear Tests 


LW-1: Linde flame-plated coating, tungsten carbide with 6-8% Cr, 
ground and lapped. 


440C Stainless Steel: C 0.95—1.20, Mn 1.0 max, Si 1.0 max, Cr 16-18, 
Mo 0.75 max, Ni 0.5 max, $ 0.03 max, Ph 0.03 max, hardened and drawn 
to Rockwell C 55 to 57, ground and lapped. 


M2 Tool Steel: C 0.82, Mn 0.25, Si 0.25, Cr 4.25, Mo 5.0, W 6.25, Va 
1.9, hardened and drawn to Rockwell C 62 to 64, ground and lapped. 


LW-5: Linde flame-plated coating, 25% tungsten carbide, 7% Ni, re- 
mainder mixed chromium-tungsten carbides, ground and lapped. 


LA-2: Linde flame-plated coating, 99 + % Al.O:, ground and lapped. 


LC-1A: Linde flame-plated coating, chromium carbide with 15% (80 


Ni-20 Cr) alloy, ground and lapped. 


Haynes Alloy No. 25: Ni 9-11, Cr 19-21, W 14-16, Fe 3.0 max, Mn 
1-2, Si 1.0 max, C 0.05-0.15, Co remainder, wrought, cold finished, 
ground and lapped. 


Inconel-X: Ni 70 min, Cr 14-16, Fe 5-9, Ti 2.25-2.75, Nb + Ta 0.71.2, 


Al 0.4-1.0, Cu 0.2 max, C 0.08 max, S 0.01 max, equalized and aged to 
Rockwell C 36 min, ground and lapped. 
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ing (LA-2) was the best and LC-1A mating with it- 
self was second. Among the coatings, tungsten 
carbide (LW-1) was best for mating with hardened 
steels. Aluminum oxide (LA-2) was best for mating 
with cobalt base super-alloy, but poorest for mating 
with itself. Chromium carbide (LC-1A) was best 
for mating with itself and aluminum oxide. Mixed 
chromium and tungsten carbide (LW-5) was excel- 
lent for mating with itself and with cobalt base 
super-alloy (Haynes Alloy 25). 

The generally better mating compatibility of co- 
balt base super-alloy compared with nickel base 
super-alloy (Inconel-X) was expected. But recent 
wear data show that nickel base alloys containing 
substantial amounts of molybdenum and/or tung- 
sten have better wear and galling resistance than 
those in which chromium is the only principal alloy- 
ing constituent. 

The tables list only a few of the many combina- 
tions tested. They do include all materials for which 
complete cross-mutual compatibility has been deter- 
mined. No claims are made that the best combina- 
tions reported represent the best possible choice of 
mating materials. The materials included in the 
tables should be considered as representing rather 
broad classes. Individual materials among these 
classes may be superior to those presented. 

There seem to be four possible explanations why 
some of the harder materials wore more rapidly than 
some of the softer ones: 

1. Possible surface or sub-surface fatigue of 
harder materials may result in incipient pitting and 
cracking causing accelerated formation of loose 
particles. 

2. Oxidation may form a lubricative film on some 
softer materials and accelerate formation of loose 
particles on harder surfaces. 

3. Embedment of loose particles in the softer ma- 
terial may occur, thus reducing measurable depth 
of wear by an undetermined amount. 

4. Binder material adhesion in a coating may be 
weaker than adhesion formed by the wear process 
so that shear in the binder phase rather than in 
wear-formed adhesions may occur. 

Because of the influence of number 3 above, and 
inevitable material transfer, total wear — consider- 
ing transplanted material as wear—is not accu- 
rately assessed by measuring wear depth. However, 
the measurement of wear depth is the true criterion 
of useful service life. 

Among the combinations listed, the results show 
clearly the advantages of the hard coatings as mat- 
ing surfaces compared to uncoated metals. Surface 
conditions apparent in Figs. 1-8 are further evidence 
of these advantages. 

Values of coefficient of friction listed at test tem- 
perature are average. There was no great change 
noted during steady operating conditions for the 
better mating combinations. Values at room tem- 
perature after tests are generally higher than those 
obtained when starting with new samples. Some 
data on coefficients of friction at various tempera- 
tures during warm-up and cooling down were ob- 
tained. In most cases peak values were observed 
between 600-850 F during cooling. None of the co- 
efficient of friction values listed are in the range 
where the materials could be considered as self-lu- 
bricating. However, in the cases of the better com- 
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binations, coefficients of friction are in the range of 
some recently published data on a high-temperature 
dry lubricant. Generally, the materials which main- 
tain hardness at high temperature are expected to 
have lower coefficients of friction. Formation of ad- 
herent oxide films may account for the lower values 
at high temperature, but lower shear strength of ad- 
hesions at high temperature may also be a factor. 


Correlation of theory and results 


In the interpretation of data and test results it 
may be adequate to simply state the order of per- 
formance of materials. However, it seems desirable 
to include some comparison between results and 
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theory. A good starting point is the simplified the- 
ory of friction and wear. According to the adhesive 
theory of friction and wear, they are both predomi- 
nantly the result of a mechanism whereby minute 
adhesions are formed between surface asperities in 
contact with each other. This theory indicates that 
friction and wear are both proportional to normal 
load and inversely proportional to hardness. 

The predominating influence on friction is adhe- 
sions. The adhesive frictional force can be ex- 
pressed as: ‘ 

F=WS/A (1) 


where W is the normal load, S is the average shear 
strength at the weakest section in the vicinity of ad- 


Table 2 — Results of High Temperature, Low Speed, Dry Sliding Wear Tests 


Test Conditions: No lubricant, speed 


Mating Wear Rates, 

Materials 10° in. Test Tem- Coefficient 

Rotary/ Depth per perature, F of Friction 

Stationary 1000 ft 
LW-1 Coating 23 1000 0.25 
440C Stainless Steel 12 0.34 R.T. 
440C 117 1000 0.26 
440C 17 0.43 R.T. 
LW-1 35 1000 
M2 Tool Steel 20 
440C 42 1000 0.29 
M2 254 0.50 R.T. 
M2 357 1000 0.30 
M2 134 0.45 R.T. 
LW-1 33 1000 0.20 
Haynes Alloy 25 8 0.28 R.T. 
LW-1 43 1000 0.33 
LW-1 24 0.46 R.T. 
440C 172 1000 0.43 
Haynes Alloy 25 73 0.36 R.T. 
M2 314 1000 0.40 
Haynes Alloy 25 50 0.34 R.T. 
LA-2 Coating 14 1000 0.27 
440C 108 0.35 R.T. 
LA-2 29 1000 0.23 
M2 197 0.40 R.T. 
LA-2 9 1400 0.17 
Haynes Alloy 25 7 0.25 R.T. 
LA-2 Gross failure 1400 0.16 
Inconel-X 510 0.31 R.T. 
LW-1 16 1000 0.42 
Inconel-X 546 0.53 R.T. 
LA-2 31 1000 0.28 
LW-1 54 0.30 R.T. 
LA-2 175 1400 0.27 
LA-2 70 0.24 R.T. 
Haynes Alloy 25 62 1400 0.28 
Haynes Alloy 25 43 0.43 R.T. 
Haynes Alloy 25 240 1400 0.33 
Inconel-X 2050 0.40 R.T 


10 fpm, load = 500 psi, apparent contact pressure, temperature as indicated. 


Mating Wear Rates, 

Materials 10° in. Test Tem- Coefficient 

Rotary/ Depth per perature, F of Friction 

Stationary 1000 ft 
Inconel-X 9000 1400 0.34 
Inconel-X 9000 0.52 R.T. 
LA-2 9 1400 0.16 
LW-5 Coating 63 0.27 R.T. 
LW-5 32 1000 0.30 
440C 14 0.48 R.T. 
LW-5 22 1400 0.19 
Haynes Alloy 25 17 0.35 R.T. 
LW-5 79 1000 0.27 
LW-1 18 0.44 R.T. 
LW-5 59 1000 0.32 
M2 31 0.50 R.T. 
LW-5 51 1400 0.29 
Inconel-X 260 0.57 R.T. 
LW-5 26 0.21 
LW-5 17 0.34 R.T. 
LC-1A Coating 29 1400 0.19 
Haynes Alloy 25 13 0.32 R.T. 
LC-1A 1 1400 0.15 
LA-2 43 0.27 R.T. 
LC-1A 13 1400 0.19 
LC-1A 12 0.34 R.T. 
LC-1A 9 1400 0.23 
Inconel-X 450 0.49 R.T. 
LC-1A 37 1000 0.33 
440C 5.1 0.46 R.T. 
LC-1A 52 1000 0.35 
M2 16 0.49 R.T. 
LC-1A if 1400 0.22 
LW-5 19 0.37 R.T. 
LC-1A 42 1000 0.20 
LW-1 18 0.42 R.T. 
440C 63 1000 0.27 
Inconel-X 314 0.58 R.T. 
M2 84 1000 0.24 
Inconel-X 497 0.60 R.T. 


Note: R.T. refers to coefficient of friction measured before samples were removed from the test machine after the high 
temperature test run was completed. 


DECEMBER, 1960 


HO 


63 








ve 


Wear tests spot 
best mating materials 


. continued 


hesions, and A is the total of areas subjected to 
shear. 

The shear strength of adhesions will depend on 
such factors as melting temperatures and mutual 
solubility and wetability of the two mating materials 
in addition to environmental factors such as atmos- 
phere and temperature. Chemical dissimilarity of 
pure mating metals is generally considered favorable 
for obtaining minimum shear strength. 

The area of adhesions formed is inversely propor- 
tional to the flow pressure of the material. The flow 
pressure is practically equivalent to the yield point. 
Thus, equation (1) may be written as: 


F = WS/P (1a) 


where P is the yield point, and since indentation 
hardness is approximately one-third of the yield 
point, friction may be expressed as: 


F = WS/3p (1b) 


where p is the penetration hardness in pressure 
units. Although yield point is more generally known 
for common metals, penetration hardness is easier to 
measure for all materials, and more accurately de- 
termined for brittle materials, especially for thin 
cases and coatings. Coefficient of friction then, is 
expressed as: 

f=F/W=S/3p (2) 


Because of the many factors influencing the shear 
strength it is difficult to estimate coefficient of fric- 
tion for complicated material systems. 

The concept has been developed of a probability 
that adhesions would, upon breaking, produce loose 
fragments. On this basis wear due to adhesions has 
been expressed by: 

V=KWL/P (3) 


where V is the volume of wear of the softer of two 


Table 3 — Adhesive Wear Coefficients 


Mating Hard- K, Adhesive Wear Coefficient 
Materials ness Calculated From 
kg/mm from Data Reference’ 
LC-1A Coating vs 
LA-2 Coating 750 5.9 «10° 5 x 10° nonmetal 
vs. metal 
Incone!-X vs 
inconel-X 130 8.4 «10° 5 x 10° like metals 
440C Stainless vs. 
Haynes Alloy 25 200 1.0 «10 2 10‘ unlike metals 
LA-2 Coating vs. 
Haynes Alloy 25 200 0.99 « 10° 5 x 10° nonmetal 
vs. metal 
LC-1A Coating vs. 
LC-1A Coating 750 6.8 x 10° 5x 10° like metals 


* Wear coefficients and hardness values are for the softer material of 
the mating pair. 
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mating materials in mm’, K is the probability which 
is called the adhesive wear coefficient, L is the slid- 
ing distance in mm, W is normal load in kg and P the 
the flow pressure in kg/mm?. 

Since penetration hardness can be substituted for 
flow pressure, equation (3) may be written as: 


V=KWL/3p 


where p is the penetration hardness in kg/mm*. 

Equation (3) is the physical description of the 
simplified wear theory. It may be expected to apply 
in all cases of two solids in mutual sliding contact, 
since the formation of adhesions always occurs, 
even for contacting materials of extreme dissimilar- 
ity. 

Approximate values of the adhesive wear coeffi- 
cient for broadly classified materials depending on 
lubrication are available. These coefficients have 
permitted wear calculations which correlate well 
with actual wear measurements in some practical 
applications. 

Calculations of wear coefficients using the data 
from Table 2 were made. For purposes of calcula- 
tion, hardness at test temperature was estimated by 
multiplying measured room temperature hardness 
by the ratio of ultimate strength at test temperature 
to ultimate strength at room temperature. No such 
data was available for the special hard material coat- 
ings so estimates of hardness at temperature are, in 
fact, educated guesses. There could be an error of 
perhaps 30% in hardness, but this isn’t sufficient to 
change the wear coefficient by half an order of mag- 
nitude, or to the extent that the predominating 
wear mechanism would be judged incorrectly. Cal- 
culations for simplifying substitution of data di- 
rectly from Table 2 are as follows: 

Converting equation (3a) to English units 


(3a) 


V wa (3b) 
4260p 
Equation (3b) is transposed to: 
4260pV 
K =— (3c) 
WL 
For all samples: 
V=hA (4) 


where h is the depth of wear and A, is the area of the 
wear track —h is taken from Table 2, so L = 12,000 


in. 


W=P.A (5) 


where P. is the contact pressure and A, is the appar- 


ent contact area. P,=500 psi. Therefore: 
K- 4260hA,p (6) 
500A,12,000 
and, since A, = A,: 
_ TP os 104 xx (7) 
6 « 10° 


Table 3 compares values obtained using data from 
Table 2 and those presented by Rabinowicz'. Cor- 
relation between calculated values and published 
values is very good for the first three combinations 
listed. It should be pointed out that the material 
designations used by Rabinowicz' do not neces- 
sarily accurately describe the hard material coat- 
ings. LA-2 should be classed as a nonmetal, but the 


1 Rabinowicz, E., New Coefficients Predict Wear of Metal Parts, Product 
Engineering, June 23, 1958 
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other coatings consist of hard carbides with a dis- 
tinct binder metal phase, and should be classified as 
cermets, intermediate between metals and non- 
metals. 

Wear coefficient for the Inconel-X versus In- 
conel-X combination could be at least one order of 
magnitude larger than the calculated value. This 
combination wore so fast that the rotary sample 
holder rubbed on the stationary sample. The wide 
wear track is visible in Fig. 7. Depth in the in- 
tended wear track only was used for calculation. 

The low wear coefficient of Haynes Alloy 25 mat- 
ing with LA-2 is not surprising, considering the un- 
usual wear properties of cobalt base materials. In 
the case of LC-1A mating with itself, the wear co- 
efficient is about three orders of magnitude less 
than the expected value for like metals. Perhaps it 
is unfair to classify LC-1A as a metal since it is a 
multiphase material consisting of chromium carbide 
with a nickel-chromium alloy binder. The fact that 
this material mating with itself gives much better 
performance than can be expected of unlike metals, 
and, in fact, is practically equal to nonmetal versus 
metal in performance, is considered unusual. 

Calculated values of wear coefficient are signifi- 
cant because they show that test conditions and 
equipment produced the most common of wear 
mechanisms, that is, adhesion. Therefore, the data 
can be regarded as typical and reliable for applica- 
tion of systems in which adhesion is the predomi- 
nating wear mechanism. This condition can usually 
be satisfied by expert design and selection of mating 
materials. 

The simplified wear theory does not include effects 
of geometry or surface finish. Geometric configura- 
tion or apparent contact area has been shown to 
have a definite effect on the adhesive wear of one 
mating material combination. Another investiga- 
tion revealed that surface finish had a significant 
influence on galling of another material system. 

It should be pointed out that other mechanisms 
can occur concurrently with adhesion. Under con- 
ditions of excessive load and/or speed, limits of 
which will depend on materials, fatigue failure will 
produce surface cracks or pits resulting in acceler- 
ated formation of loose particles. Corrosion can 
also accelerate loose particle formation. On the 
other hand, formation of surface oxide films has 
proven beneficial in reducing friction and wear in 
some cases. 

Other tests have included conditions with speeds 
up to 1000 fpm, loads frdm 20-500 psi, temperature 
from room to 1600 F with lubrication by water plus 
abrasive dust, solid film lubricants, and with no lu- 
brication. Materials have included pearlitic and 
austenitic irons, alloy steels, stainless steels, bronzes, 
cobalt base and nickel base high-temperature alloys, 
carbides, oxides, cermets, and carbon-graphite bear- 
ing materials. 

In addition to laboratory wear tests, results of 
many field tests by customers have been reviewed. 
Results of field tests are an important supplement 
to lab data in view of wide variations in conditions 
encountered in actual use. There has been good 
general correlation between these field results and 
laboratory data when conditions were not too far 
different. When boundary film lubrication or liq- 
uids such as water, lubricating oil, hydraulic fluids, 
and boiling jet fuel were present, wear of flame- 
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THERE ARE MANY WEAR PROBLEMS with 
high-temperature valves, contro! linkage bear- 


= ngs, pneumatic cylinders, and seals where the 
= selection of materials presents a major problem 
This has created the need for mating materia 


lata, particularly where new materials with only 
limited prior use are to be considered. Condi 
tions of these high-temperature applications, at 
relatively low speeds and high loads, require 
operation with no lubricant or lubricants with 
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Many material combinations 
by the author laboratory wear tests designed 


to be generally representative of operating con 
litions. Samples had a form typical of complete 3 
face seals or plain thrust bearings. The results 

of these tests are described in this article. All 

lata presented are from tests run in air with no 
lubrication at a speed of 10 fpm un 
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plated coatings in many applications has been im- 
measurably small. Mating compatibility of these 
special hard materials with such materials as alu- 
minum bronze, cast irons, Meehanite, nitrided steels, 
and various grades of hardened steels and carbon- 
graphite bearing materials has been judged as ex- 
cellent by many different users. 

Materials for high-temperature (1000 F and 
above), high-speed, dry running seals and bearings 
is one area in which there is much current interest. 
To our knowledge, carbon-graphite has been one of 
the mating materials in all successful applications 
requiring running for an appreciable length of time. 
Even for the best carbon materials available the 
upper temperature limit for service in oxidizing at- 
mosphere is not expected to exceed about 1200 F. 
Government sponsored research has not yet pro- 
duced unclassified information on other materials 
which are satisfactory for such service at higher 
temperatures but some of the materials reported on 
in this article have been among the best rated ma- 
terials yet tested. 

Two avenues of approach which should afford 
some degree of improvement with presently avail- 
able materials are: 


1. Coating carbon parts all over except for rubbed 
bearing surfaces where access of the oxidizing at- 
mosphere to the unprotected area would be re- 
stricted. 

2. Application of a dry film lubricant to very hard 
surfaces. There are sound physical reasons why 
boundary film lubricants should be more effective 
and last longer on hard surfaces. 


» To Order Paper No. T-43 .. . 


from which material for this article was drawn, see p. 6. 


65 








What the 


eS wee 


successful sprag clutch 


needs: 


*Full phasing. 


*-Well-designed sprags and races. 


- Adequate lubrication. 


aper Dy 


E. A. Ferris 


EY factors in the design of successful and re- 
liable one-way sprag clutches include: 


@ Full phasing. 
@ Well-designed sprags and races. 


@ Adequate lubrication. 


Full phasing 


Full phasing which is the working together of 
all the sprags so that they share the load equally — 
is most important in sprag clutch design. Without 
it, clutch failures may occur erratically at loads way 
under their static capacity when the clutch is sub- 
jected to such factors as: 


e Torsionals. 

e Shock loading. 

e Repeated high-torque loading. 

e Variable energizing force during reengagement 
after being centrifugally disengaged. 

e Friction — either intersprag or end plate, de- 
pending on design. 

e Inertia forces on sprag — especially with outer 
race accelerating or decelerating. 

e Variable wear and resultant change in coeffi- 
cient and strut angle. 
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e Cold oil films or heavy antifriction additives to 
lube oil. 

e Rapid loading and unloading of clutch, such as 
could be obtained with a chattering friction clutch. 
(This condition can sometimes be corrected by use 
of stiffer energizing springs, or frictional energizing 
devices.) 

e Excessive torsional or axial 
clutch is trying to engage. 

e Eccentricity of races. 


Positive phasing is achieved in the Borg-Warner 
high-production, double-cage, full-phased sprag 
clutch by the use of two cages that are held con- 
centric by their respective races (Fig.1). One of the 
cages controls the sprags near their outer race con- 
tact, and the other cage controls the sprags near 
their inner race contact. By accurately sizing the 
cage holes, and by controlling the circumferential 
relationship of the holes, the sprags can be so con- 
toured and fitted to the cage holes that they must 
move in unison throughout their entire operating 
range within the limits of the tolerances imposed by 
economical manufacturing methods. Fig. 2 shows 
the relationship of sprags and cages during free- 
wheeling and under different loading conditions. 

Any interpretation of the term “full phasing” 
must take into consideration the practical manu- 
facturing tolerances necessary in the making of both 
the sprag clutches and the associated races and 
bearings. Clutches have been made where the rela- 
tive angular movement from sprag to sprag was 
within 1 deg throughout the entire operating range; 
however, production clutches cannot economically 
be held to these limits. 


vibration when 
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Fig. 1 — Borg-Warner double-cage, full-phased sprag clutch. 


Important advantages achieved in the double- 
caged design include: 


1. An assembly easy to handle and install. 

2. Close axial alignment of sprags. 

3. Individual energizing of each sprag and ap- 
preciable variation in amount of energizing pos- 
sible. 

4. Elimination of intersprag and end of sprag 
friction, which interferés with normal spring ener- 
gizing. 

5. Ability to control all sprags easily. 

6. Clutch that can be fixed to either outer or 
inner race, as the situation requires. 

7. Shell-type plain bearings (Fig. 3), which can 
be assembled over cage ends to make a compact 
clutch and bearing assembly. 

8. Rollers that can be interspersed between sprags 
to make a compact sprag- and roller-bearing as- 
sembly (Fig. 4). 

9. Frictional devices that can be added to clutch 
where necessary. 

10. Loading of the clutch between races originally 
eccentric tends to make the races concentric. 

11. Ability to reduce: number of sprags used below 
maximum. 

12. Effective energizing, even though ribbon spring 
is broken in a number of places. 


The only real disadvantage encountered with 
double-cage sprag clutches is the so-called “pop- 
out” trouble, which plagued the earlier designs. 
When this occurred, it was possible for one sprag 
to release its load so violently that it would bind up 
between the two cages and hold the remainder of 
the sprags inoperative. Fig. 5 shows a typical pop- 
out. 

Overloading a phased clutch seldom occurs if the 
clutch package is properly designed, and the dy- 
namic loads are accurately estimated. If overload- 
ing occurs, the only good solutions are either to in- 
crease the size of the clutch, or to eliminate the 
unexpected source of the high load, such as a non- 
modulated and suddenly applied friction clutch; or 
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Fig. 2C 


Fig. 2—Full-phased clutch: A— free wheeling, B — partially loaded, 
C — highly loaded. 
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successful sprag clutch 


. continued 


a chattering friction band or clutch. Although it 
isn’t obvious, most clutch damage is caused when 
the sprags are unloading rapidly. Factors that 
contribute to sprags or clutches suddenly releasing 
their load are: 


1. Improper sprag geometry. 

2. Loose or slippery foreign matter between sprags 
and races. 

3. Very coarse race grind. 

4. Excess e-p additives in oil, such as graphite or 
molysulphide. 

5. Excessive axial or torsional vibration when at- 
tempting to engage clutch. The normal axial move- 
ment of a helical gear on taking up load, as for 
instance a sun gear, has not hampered the engage- 
ments of the clutch in a number of applications 
currently running. This is because the gears prob- 
ably cannot carry torque until the clutch is engaged. 

6. Improper energizing of sprags—broken or 
yielded springs, or when centrifugally disengaging 
sprags are required to re-engage just below the 
speed they would normally disengage. 

7. Load instantaneously removed from a highly 
loaded clutch, such as a chattering-plate clutch or a 
sudden break in the drive line. 


By redesigning the sides of the sprags, increasing 
the OD of the inner cage, and even putting the 
inner-cage holes at a slight angle with respect to a 
radial line for some sprag designs, one can make it 
practically impossible for a pop-out to occur without 
the hardened steel cage breaking up. Excellent field 
experience over the last two to four years with mil- 
lions of clutches in seven of the 11 or 12 basic pas- 
senger-car automatic transmissions currently being 
produced is convincing evidence that pop-outs are a 
thing of the past. 


Sprags 

Metallurgically, a sprag is a piece of cold-drawn 
and very accurately shaped wire, usually SAE 52100 
steel, that is cut to length, and properly hardened 
and drawn, at about 325 F, to a final hardness of 
Rockwell C 60-64. By proper hardening it is im- 
plied that no decarburization is permissible, and the 
sprags must be quenched with an absolute minimum 
of distortion. 

The basic geometry of a sprag is shown in Fig. 6. 
The sprag cams are usually made up of two eccentric 
radii, with the so-called horizontal eccentricity X 
being the most important single dimension. If two 
radial lines are drawn from the common center of 
the two races through the centers of the radii de- 
termining the sprag surfaces, by definition the in- 
tersection of these radial lines with the race sur- 
faces determines the contact point of the sprag 
with the races. If a line is drawn between the two 
sprag-race contact points it can be considered a 
“strut.” The angle between this strut and the two 
radial lines drawn from the common center of the 
races determines the so-called “strut angles” at in- 
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ner race contact (angle V) and at outer race con- 
tact (angle W). As the sprag rotates under load be- 
tween the races, angles V and W will change. In 
some sprags they will remain essentially constant, 
in some they will decrease, and in some they will in- 
crease under load. If the geometry is followed 
through, it will be found that angle V is always 
greater than angle W by an amount equal to angle 
Z, where Z is the angle between the two radial lines 
drawn from the race centers through the sprag 
radii centers. For the sprag to be self-energizing, 
tangent angles V and W must always be less than 
the coefficient of steel on steel; and since angle V 
is always greater than angle W, we need concern 
ourselves only with angle V. 

In 11 years B-W engineers have made and tested 
upwards of 50 different strut angles. Some were 
constant throughout the cam rise of the sprag at 
about 2 deg — these were discarded because of the 
lack of cam rise. At the other extreme, some were 
constant at about 4 deg—these were soon dis- 
carded because of poor cold-oil engagement and the 
lack of margin for wear. Sprags with decreasing 
strut angle weren’t considered seriously because of 
the increasing effect on outer race stretch. For a 
given torque the radial load is inversely proportional 
to the tangent of the strut angle, so that a slight in- 
crease in angle materially reduces the race stretch. 

Theoretically, a special sprag section should be 
used on each race diameter if identical conditions 
are to be maintained. Because of economics, the 
number of sprag sections has been reduced to a 
minimum, with the resultant compromises. Thus, 
the strut angle curve is plotted for “flat” races (in- 
finite radii) and the necessary correction factors 
must be made to find the actual strut angles of a 
given sprag on a given race. The angle can be in- 
creased by as much as 1 deg when going from “flat” 
races to a l-in. diameter race. 

The advantages of using flat races are that one 
has a common baseline for comparison, the calcula- 
tions are simpler because angle V and angle W are 
equal, and a gage has been developed with flat races, 
which very accurately and conveniently measures 
and plots the strut angle of an individual sprag. 
(See box on p. 71) 

The normal overruning or engagement point for a 
typical 0.330-in. sprag is at a strut angle of about 
214, deg. This angle is then increased to a maximum 
of 414 deg as the sprag is loaded. At angles higher 
than this, there is definite evidence that sprags will 
slip when loaded rapidly, and B-W design philosophy 
does not permit any slipping of the sprags under 
load — it is unpredictable and too destructive of the 
sprag and race surfaces and of the cage structure 
containing the sprags. 

As the sprag wears at the overrunning position, 
its strut angle will increase. When the engaging- 
strut angle has approached 4% deg, clutch-engag- 
ing performance will become erratic, although some 
clutches with built-in drag operating with angles 
slightly in excess of 5 deg have been noticed. 

If the sprag were made up of only two eccentric 
radii the strut angle curve to the left of the free- 
wheeling point (when strut angle is plotted against 
sprag height, by means of the strut angle gage) 
would drop sharply as the sprag height decreased. 
What this means in actual practice is that the race 
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Fig. 3 — Phased sprag clutch 
with end bearings. 








Fig. 5 — Pop-out in double-cage clutch 
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Fig. 4 — Phased sprag clutch 
with alternate roller bear- 
ings 
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Fig. 6 — Sprag geometry. 
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eccentricity that can be tolerated by the sprag is 
rather limited because a large angular sprag rota- 
tion is needed to accommodate a small amount of 
race eccentricity. In order to alleviate this situ- 
ation, another smaller radius was introduced in one 
of the cams so that more change in sprag cam height 
was realized for a given angular movement. 

This second radius permits the sprag and clutch to 
accommodate more race eccentricity, so that larger 
tolerances can be used on the races and bearings 
making up the clutch package. 


Races 


Adequate race proportions, concentricity, material, 
and heat-treatment are essential. A clutch is no 
better than its races. 

Although some attempts were made to obtain a 
theory which would allow calculation of race sizes, 
this was soon abandoned in favor of the series of 
tests on various size clutches and races of varying 
proportion for each clutch size. It soon became 
evident that it wasn’t the stresses in the races that 
were important, but rather the amount the races 





Fig. 7 — Effect of race material and heat-treat on outer race yield. 


Wt 


yielded elastically under load, for the sprag being 
studied had cams with a finite rise. 
The results of the tests showed that: 


1. The length of the races should be at least 1% in. 
longer than the length of the sprags. 

2. The outer race radial thickness should be such 
that the ratio of ID/radial thickness should not ex- 
ceed 8, and should preferably be about 6.5. 

3. The inner race ratio of OD/radial thickness 
should not exceed 10, and should preferably be 
about 8. 


The above results were based on static and dy- 
namic tests of symmetrical and plain cylindrical 
races. If flanges, or other nonuniform race cross- 
sections are used, some allowance must be made for 
the bellmouthing effect. Bellmouthing reduces the 
effective length of the sprags and tends to skew 
them. If fatigue is a problem the appropriate tests 
should be run to find the effect of the stress raiser, 
be it keyway, bolt or rivet hole, or what not. 

One of the assumptions made by the theory is that 
the clutch races are concentric when the sprags 
first engage and start to load up. Unfortunately, 
this condition is not easily realizable in practice. 
Depending on the clutch, sprag-strut angle, and 
energizing-spring design, experience has shown that 
under some conditions the races are forced further 
eccentric and a good percentage of the sprags never 
carry any of the torque. Therefore, the few remain- 
ing can be overloaded and rolled over. The effect 
of the eccentric push on bearings associated with 
the races is sometimes damaging to the bearings. 
One possible explanation for the eccentric loading 
with a nonphased clutch is that the loaded sprags 
in the large radial sprag space between the races 
have an appreciably greater cam rise per degree of 
rotation than the loaded sprags in the smaller radial 
sprag space caused by the eccentricity. Therefore, 
as the torque is increased the races are held eccen- 
tric, or are forced into a position of greater eccen- 
tricity, depending on the extent of the original offset. 

With a phased clutch and reasonable control on 
the race eccentricity (limits given in Table 1), es- 
pecially for good overrunning life, the side loading 
under eccentric conditions can be minimized. In 
tests, races held 0.005-in. eccentric with a 300-lb 
weight moved to within 0.001 in. of concentricity by 
the application of only 5 ft-lb torque on a relatively 
small double-cage clutch. 

To avoid local brinelling and to minimize over- 
running wear, the race surface contacting the sprags 
should have a minimum surface hardness of Rock- 


Table 1 — Sprag Characteristics 


plein ne Min Circular Pitch Recommended Inner Recommended Sprag 

Serag Radial Variation p,.), in. Race Diameter, in. Approxi- Lengths, in. 
Section Distance from Mean 7 a mate 

in, between Radial Full Com- Cont K=P.R 

Races, in Distance plement D 8 Min Max Min Max 
in. Design — 

V4 0.248 + 0.002 0.180 0.290 V2 1% 16.5 V4 % 
0.330 0.328 + 0.003 0.340 1 a 21 1/3 0.80 

3g 0.374 + 0.004 0.270 0.360 2 6 25 3g 1.0 


TO 
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well C 60, and the case should extend to a minimum 
depth of 0.050 in., at which point the hardness 
should not be less than Rockwell C 50. 

To prevent excessive race yield under load, the 
hardness of the core supporting the race should be 
in the range of Rockwell C 35-45. Experience with 
excessively hard cores (greater than Rockwell C 50) 
has shown them to be very prone to cracking at the 
OD at loads of about rated torque capacity, and ex- 
ceptionally sensitive to stress raisers. 





Strut 


angle 


gage 


HE strut angle gage — a device for measuring 

strut angles of sprags — is shown in the illus- 
trations given above. It applies a known, fixed, 
vertical load to the sprag, which immediately 
tries to drop the sprag. By applying variable 
horizontal load to the sprag, one can find a value 
of horizontal load that will just balance the ver- 
tical load and stabilize the sprag. 


The ratio of the horizontal load to the fixed 
vertical load is directly proportional to the tan- 
gent of the sprag strut angle. Therefore, by 
plotting continuously horizontal force versus 
sprag height, and rolling the sprag from the low 
to the high end of the cam, one can draw a con- 
tinuous curve of the sprag strut angle. 
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Typical race materials that have been used suc- 
cessfully are SAE 52100, 1060, or 5060. These ma- 
terials must be given a double heat-treatment to get 
the desired case and core properties. Carburizing 
steels such as 8640, 4620, and 8620 have also been 
used successfully. A graph showing the relative 
static strengths of a variety of materials used in a 
typical outer race is included in Fig. 7. 

The surface finish of the outer race sprag surface 
need not be any finer than 30 microin. rms; and the 


Sprag strut angle gage. 


One of the amazing things is that this gage 


produces curves that are identical to what had 
been calculated on the basis of a number of as- 
sumptions, the greatest being that there is no 


distortion under load of sprags or races. It has 
even been found that, when the magnitude of 
the vertical load is appreciably increased, the 
curves change negligibly. 


This gage doesn’t just measure the variables in 
the sprag. It automatically gives an answer as 
to the quantitative effect of these variables on 
the critical sprag strut angle. 
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spragway of the inner race, where overrunning 
usually occurs, need not be smoother than 20 mi- 
croin. rms. 

The taper per side of the race sprag surfaces 
should not exceed 0.0003 in. per in. for the length 





A slight chamfer of about 1/32 X 15 deg on one 
end of the races will simplify assembly. 

Tolerance on the race diameters, along with the 
associated bearing clearances, tolerances, and eccen- 
tricities, should be adjusted to hold the possible 
variation in the radial-sprag space between the races 
within the limits shown in Table 1. The limits on 
radial-sprag space given in Table 1 have been ar- 
rived at over a number of years and appear to be 
well within practical bearing clearances and manu- 
facturing tolerances, and yet are not so great as to 
jeopardize good sprag performance. With these lim- 
its the outer race ID usually has a minimum toler- 


of the sprags. ance of about 0.001 in.; the inner race OD above 
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2’ in. also has a 0.001 in. minimum tolerance; and 
the inner race OD below about 2% in. is held to 
about 0.0005 in. minimum tolerance. 

Composite races made up of relatively thin-hard- 
ness steel sleeves held in or over cast-iron carriers 
have been used with some success, but only if the 
sleeves are pinned or keyed to the cast iron. A plain 
press fit has been used, but it does have a tendency 
to slip occasionally; then sometimes it will gall and 
hold; and other times it continues to slip—especially 
after repeated heating and cooling. 

For a lightly loaded application (one-half rated 
torque capacity or less) flame-hardened pearlitic 
malleable, or equivalent, with a surface hardness of 
about Rockwell C 55 can be used for limited life - 
about 100,000 applications. 

Chromium-plating of races should be used only as 
a last resort and only after extensive testing, and 
after some means for nondestructively testing the 
plating have been established. The plating is usually 
very thin and must be supported by a hard core to 
prevent brinelling. The common experience with 
the average chrome plate is that it spalls off under 
repeated torque loading. However, some very thin, 
vacuum-deposited chrome plate has been success- 
fully used in an application where lubrication was 
poor and frettage corrosion was a problem. Since 
races seldom show any signs of wear in properly lu- 
bricated sprag clutches, it is more advisable to put 
the wear-resistant coating on the sprags. 

Phosphate coatings or very smooth oxide coatings 
are also not recommended for the sprag contact sur- 
face of the races, for they materially lower the co- 
efficient of friction and have been known to cause 
slippage and failure to engage. Since the strut angle 


Table 2 — Variation in Torsional Rate of Clutch 


Clutch Inner Race OD, in Rate, ft-lb/deg 


1.5 50 
2.0 100 
3.0 300 
4.0 500 
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at the outer race contact is less than that at the 
inner race contact (usually by about 1% deg) there 
is less risk in phosphating or oxiding the outer race 
sprag way. 

With the race proportions recommended, it can be 
expected that the outer race expansion at the OD 
will be about 0.005 in. and the inner race contraction 
about 0.005 in. when the clutch is torqued to rated 
capacity. The relative rotation of the races will vary 
with clutch size, but will be in the vicinity of 4-7 
deg at rated torque capacity. The torsional rate of 
the clutch will vary about as indicated in Table 2. 

Specific figures on any one of the quantities men- 
tioned above should be determined for the particular 
configuration at hand because there are so many 
variables that enter into the final answer. Some of 
the more obvious variables are: 


1. Sprag section used (especially strut angle). 

2. Number of sprags used. 

3. Clutch diameter. 

4. Outer and inner race proportions and cross- 
sectional shape. 

5. Means for transmitting torque to races. 


Lubrication 


The lubrication of sprag clutches depends on 
the type of mounting used. Some of the conven- 
tional methods for mounting and lubricating sprag 
clutches are shown in Fig. 8. Straddle mounting is 
preferred, but a plain or needle bearing of sufficient 
length on one side of the clutch has proved ade- 
quate. A single ball bearing on only one side of the 
clutch allows excess angularity of the race axes and 
is not recommended. In all of the constructions 
shown, an attempt has been made to divert or dam 
the oil so that oil is always available at the inner 
race OD where the sliding between sprags and races 
is occurring. This is a very important point and 
should not be overlooked. In most designs centrifu- 
gal force tends to throw the oil away from the criti- 
cal surface where sliding takes place, and this is a 
big factor as to why most “splash” lubricating sys- 
tems are inadequate. 

A compact straddle-mounted plain bearing design 
that has been used successfully is shown in Fig. 3. 
Here, two '4-in. long bearings are obtained with an 


Fig. 9 — Phased sprag clutch 
with built-in drag. 
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increase of overall clutch width of only 0.10 in. 
These shell-type bronze bearings also act as dams 
and help retain oil in the clutch cavity. A static 
radial load of up to 1000 lb has been imposed on a 
2.8-in.-diameter clutch with two shell bearings, with 
no adverse effect on the bearings. 

Oils like SAE 10 to SAE 80 are quite satisfactory, 
but oils with slight additives like type A automatic 
transmission oils have proved superior. Oils with 
higher percentages of e-p additives, or graphite, or 
molysulphide, or the like are not recommended. Al- 
though pressure lubrication is preferred, it is not 
necessary to flow a given quantity of oil through the 
clutch for cooling purposes, but rather it is impor- 
tant to keep the rubbing surfaces constantly wet 
with oil during overruning. 

Where grease lubrication must be used, the only 
satisfactory solution found thus far is to hold the 
clutch to the inner race by drag strips or T bars, so 
that all the sliding takes place at the ID of the outer 
race, where all the grease eventually collects, or by 
the use of alternate sprags and rollers (Fig.4). This 
latter method has appreciable experience behind it, 
and the reason it is felt that it has been successful 
is attributed to the rolling of the roller, which not 
only recirculates the grease but, more important, 
tends to lift the sprags off the races just as with 
built-in drag. Of course, the reduction in relative 
speeds due to the planetary action of the rollers also 
helps. 

Built-in Drag — As a means for obtaining greater 
overrunning life, especially under borderline lubri- 
cation conditions, and also to assist in the engage- 
ment of the sprags under all loading conditions, a 
controlled amount of friction drag is introduced be- 
tween each cage of a double-cage clutch and its ad- 
jacent race. During free-wheeling the frictional 
forces oppose and subtract from the normal energiz- 
ing spring force on the sprags and thereby reduce 
the unit loading between the sprags and races so 
that overrunning life is materially increased. Then, 
during engagement, the directionally sensitive built- 
in drag of the phasing cages adds to the energizing 
spring force and ensures more positive and uniform 
engagement. 

A typical production clutch with built-in drag is 
shown in Fig. 9. Drag between the outer cage and 
the outer race is obtained either by slotting the side 
bar of the cage at two points and bending the T bar 
thus formed so it is an interference fit in the outer 
race, or by the use of stainless-steel spring slips, as 
shown. Drag between the inner cage and inner race, 
where overrunning is expected to take place, is ac- 
complished by beryllium-copper drag strips, which 
are clipped on and held in the cage holes by the 
sprags. 
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How a 


Fuel 
Cell 
Operates 


L. D. McGraw 

UEL CELLS do not differ in principle from bat- 

teries; but they are maintained by a continuous 

rather than fixed supply of chemical reactants or 
fuel. 


Fuel cells as specialized batteries 


Batteries operate on the principle that, when a 
reversible chemical reaction takes place at two elec- 
trodes, a difference in potential is set up between 
the electrodes. The potential difference is propor- 
tional to the free energy of the chemical reaction, 
and it may be used to drive an electric current 
through an external electronic conductor. The 
quantity of electricity is proportional to the weight 
of chemicals consumed. Let us illustrate this prin- 
ciple by proposing to derive useful electrical power 
from the most useless process known: corrosion. 

The corrosion associated with a metallic couple 
such as zinc-copper can be illustrated as a shorted 
battery (Fig. 1). In this example corrosion is re- 
stricted to the zinc when each metal is in a solution 
of its own ions. The corroding system consists of 
an anode (the zinc), an electrolyte, and a cathode 
(the copper). The anode or negative element of the 
corrosion cell is a reducing agent or fuel. This fuel 
is spontaneously oxidized to zinc ions: 


Zn — Zn*? + Ze 


and delivers electrons through a short circuit to the 
cathode. The cathode or positive element of our 
cell supplies the oxidant to burn the fuel. The cath- 
ode is variously considered to be either the inert 
solid electrode itself (in this case copper) or the de- 
polarizer (copper ions), which actually supports 
combustion of the fuel. The depolarizing copper 
ions are reduced to furnish copper metal: 


Cu* + 2e — 2Cu 
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the basic principles of the fuel cell. The author compares 


Here's a brief course designed to help you understand 
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the fuel cell with the ordinary battery, discusses fuel cell efficiency, 


kinetics, and costs. He also explains briefly how several types work: 


-Hydrogen-oxygen fuel cell. 


elon-exchange membrane fuel cell. 


-Regenerative fuel cells—the redox and the converter. 


by accepting electrons from the cathode. The over- 


all cell reaction is: 
Zn + Cu*+ — Zn* + Cu 


Almost any battery can be illustrated as a special 
case of controlled corrosion put to a useful purpose. 
The controls involve suitable separation of anodes 
and cathodes and choice of an electrolyte. 

Fig. 2, a schematic drawing of a hydrogen-oxygen 
fuel cell, is accompanied by electrode reactions to 
illustrate the electrochemical principles common to 
battery power sources and corrosion. In this case, 
oxygen supports the combustion of hydrogen to 
form water according to the electrode reactions 
shown in the diagram. 


Some definitions 


Certain fuel cells are comparable with the best 
batteries in energy/weight and power/weight ratios 
given relatively long periods of operation. For 
short times (10 hr or less), fuel cells are inferior 
to some high-rate cells like silver-zinc. 

Here are some definitions to clarify the specifi- 
cations for power and energy per unit weight, etc., 
for fuel cells: 


Power (or energy)/weight or power (or energy) 
volume ratios are defined without regard for the 
weight (volume) of the primary fuel, and its con- 
tainers and control apparatus. This explains why 
fuel cells are advantageous when operated for long 
periods of time. 


The ideal efficiency of a fuel cell is the ratio (ex- 
pressed in per cent) of the free energy to heat of 
reaction of the cell reactants, when the process is 
isothermal and reversible at constant pressure. 


The overall efficiency of a fuel cell power pack is 
the fraction (expressed in per cent) of the heat of 
reaction of the primary fuel that is converted to 
useful electrical energy at the terminals of the de- 
vice under the stated operating conditions. 
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Fuel cell efficiency 


For oxygen-type corrosion, as illustrated for the 
zinc-oxygen cell, the standard free-energy change 
based on one gram-molecule of zinc is near —75,200 
calories. From the thermodynamic relationship: 


AF —-n FE° 
where 


AF° = Standard free energy change 
n= Number of chemical equivalents reacting 
J = 23,066 cal/v (equivalent to one faraday) 
&° = Standard electrode potential 


the cell potential is 1.636 v for a partial pressure of 
oxygen of 1 atmosphere. 

It is interesting to note that — AF is numerically 
equal to the net work (total work—-AV work) done 
by a system. For a battery or fuel cell, all the 
net work is electrical. It will differ from that cal- 
culated from the reversible emf (6,,, x ampere- 
seconds) for several reasons. First, a cell is rarely 
operated under the exact conditions called for in 
the electrochemical reaction, owing to concentra- 
tion gradients of the cell reactants and products. 
Second, no practical operating cell is discharged at 
the infinitesimal rate required for thermodynamic 
reversibility. Third, the electrode reaction chosen 


ELECTRONIC CURRENT—> 


COPPER 
CATHODE 


POROUS 
SEPARATOR 


Fig. 1— Schematic drawing of 
simple battery. 
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ANODE 


ANODE REACTION CATHODE REACTION 
H+ 2OH=2H,0+2e O,+H,0+2«= HOZ +OH™ 
HO>= OH” + $0 
CELL REACTION 
Hat 02+ OH = HO5+ HO 


Fig. 2 — Schematic drawing of hydrogen-oxygen fuel cell 


Fuel Cell ... 


continued 


for calculating the emf may not be the reaction 
that actually takes place. Finally, the original fuel 
may lose useful energy in being converted to a form 
suitable for use in the actual cell. These factors 
will be taken up later. 

Even if a fuel cell performed ideally to deliver the 
entire theoretically useful work (AF) as electrical 
work, its total decrease in heat content (AH) would 
not produce useful work. Some heat would ex- 
change isothermally with the surroundings. The 
ideal efficiency is: 


E sea) = AF /AH 
where: 


NE... F/AH Sreydt /AH 


\H =Change in heat content 
I =Current 
t=time 
The ideal efficiency achieves rather high values at 

ambient temperature, being over 90% for hydrogen 
fuel. By comparison, the Carnot cycle limits the 
conversion efficiency of a fuel undergoing chemical 
reaction to produce heat for a heat engine: 


T,-T 
an (=35 ) 

The fuel cell avoids the wasteful intermediate con- 
version of fuel into heat. 

The heat that is lost to the surroundings by an 
actual cell is greater than the reversible heat (TAS) 
by the difference in output between a reversible and 
actualcell,nF(&,.. — &..,). Hence, the work done by an 
actual cell (&,,,Jt)is less than the work done by an 


ideal cell (&,.,Jt). The efficiency of an actual cell 
may be expressed as: 


Enon = — Scendt/AH Sreylt/AH 


The heat loss of the cell could be utilized as in 
the gasification of a fossil fuel to provide useful fuel 
for the cell. Then the primary fuel would be, in 
effect, a cheaper and more primitive fuel than that 
which is actually used in the cell. An example of 
this is the use of water gas from coal in a fuel cell 
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operated above the gasification temperature. Gen- 
erally, ideal cell efficiency is lower at elevated tem- 
peratures, owing to lower emf. 

Where cost is of paramount importance, as for a 
central power plant, the high-temperature cell, 
combined with a gasification process, appears es- 
pecially attractive. This results from the relatively 
lower cost of raw versus derived fuels. The promise 
of carbonaceous fuel systems that are electrochem- 
ically reactive at room temperature favors opera- 
tion at low temperature to take advantage of the 
higher voltage. 


Fuel-cell kinetics 


One element of a fuel cell is commonly an air 
(oxygen) -depolarized electrode rather than the cop- 
per sulfate depolarizer of the battery shown in Fig. 
1. Now the potential assumed by an unattackable 
electrode in contact with oxygen and with an elec- 
trolyte depends upon the ions with which oxygen 
establishes equilibrium. Some possible equilibria 
are: 


(hydroxide ion + hydrogen peroxide ion — 
1 {oxygen + water + electrons 
OH- + HG 


9 {hydroxide ions — water + oxygen 
} 2 OH- = H.O + 40. + 2 


3 {water — oxygen + hydrogen ions + electrons 
| 2H.O = O., + 4H’ + 4¢ 


The so-called standard potentials for these oxygen 
electrodes are —0.04, 0.4, and 1.23 v, respectively. For 
almost 20 years now the reaction involving hydrogen 
peroxide ions has been recognized as being rela- 
tively rapid and capable of maintaining the currents 
necessary for measurements of electromotive force. 
The author who proposed this electrode reaction in 
1944 had the foresight to demonstrate that oxygen- 
depolarized carbon electrodes in alkaline peroxide 
solutions operated near their reversible potential for 
currents up to 150 amp per sq ft. 

Since that time the catalytic effects of electrode 
materials on decomposition of peroxide have been 
repeatedly proposed to account for performance of 
oxygen electrodes. The experimental and com- 
mercial oxygen electrodes that maintain a more 
noble potential than —0.04 v in alkaline electrolytes 
are described as catalysts for the decomposition of 
peroxide (silver, for example). They prevent an 
accumulation of hydrogen peroxide ion and thus en- 
noble (make more cathodic) the electrode potential 
by raising the value of the last term in the following 
equation for the potential of the oxygen electrode: 


; RT In Po. RT 
. a ie 2F 
The proposed decomposition of peroxides by 
catalytic oxygen electrodes accounts for the practi- 
cal potential of oxygen electrodes being close to that 
calculated according to the equation: 
hydroxide ion — water + oxygen + electrons 


2 OH- = H..O + 40, + 2 
The efficacy of these catalysts is indicated by a 
30-mv rise in the cathode potential per tenfold 


change in concentration of hydrogen peroxide ion. 
The complete utilization of oxygen has been ex- 


= O, + H,O + 2: 
electrons 


In Ayo; 
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plained as a sequence of electrochemical and chemi- 
cal reactions: 


{ 
= O, + H,O + 2: 


OH + HO 


10, + OH- “ HO, 
2 OH- = 10,+H,O+ 2: 

in which half of the oxygen recycles through the 
electrode reaction to produce current. With an ef- 
fective catalytic electrode (say with silver as cata- 
lyst), essentially all of the hydrogen peroxide ion 
generated at the cathode is decomposed, and four 
electrons may be derived for each oxygen molecule 
reduced completely. 

The kinetics of the fuel element (for example, 
hydrogen in Fig. 2) is now of greater concern than 
the kinetics of the oxygen electrode. Sluggish re- 
activity of the fuel has been the obstacle to fuel-cell 
development. Even simple gaseous fuels such as 
hydrogen and carbon monoxide have been difficult 
to activate to a degree suitable for practical operat- 
ing conditions. The fuels which depolarize the un- 
attackable anode must be activated by surface catal- 
ysis or be converted to their combustion products 
by suitable external chemical regenerators. In the 
latter case, a simpler and more reactive redox sys- 
tem (like stannic-stannous) accounts for electrode 
reactions, while cell voltage is reduced to below 
the ideal potential of the auxiliary redox couple. 
The kinetics of such cells will be discussed later 
under the subhead, “Regenerative Fuel Cell.” 

Catalysis or catalytic electrodes can be illustrated 
from the well-known kinetics of the hydrogen- 
evolution reaction on a variety of metals. Hydro- 
gen is evolved without activation polarization at 
very few surfaces, such as palladium or platinum 
black. The relative magnitude of nonpolarizing 
rates of cathodic hydrogen evolution on smooth 
platinum and on mercury is 10°/1, for example. The 
electrode material must be selected partly on the 
basis of hydrogen overvoltage, for which there is 
adequate information available. As an example, 
hydrogen has a higher overvoltage on mercury than 
on platinum, and platinum is a better catalytic 
electrode than mercury for a hydrogen fuel element. 
Cost, fabricability, and corrosion resistance must 
also be taken into account. 

The choice of catalysts for hydrogen-oxygen sys- 
tems is evident from the considerable work on over- 
voltages (or practical deposition potentials) for these 
gases on metals. Platinized carbon or nickel, or 
nickel anodes, have been used at room and elevated 
temperatures in aqueous systems. Carbon-silver, 
carbon, and platinized nickel have been used for 
oxygen cathodes; carbon for chlorine cathodes and 
for redox cells; and metals and metal/metal oxide 
electrodes for fused salt fuel cells. 

Fabrication of electrodes involves the provision 
of a porous gas-diffusion electrode to maximize the 
actual area of the catalytic surface. The catalyst 
may be the electrode material itself, a surface coat- 
ing, or a heterogeneous solid incorporated in the 
electrode. It must sorb the fuel and dissociate it to 
an electrochemically active state as platinum does 
in the case of hydrogen, or carbon in the case of 
oxygen. The pores must transfer the depolarizing 
fuel gas to the geometric surface of the electrode 
where the catalyst is concentrated and where there 
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is contact with the electrolyte. Either leakage of 
fuel into the electrolyte or filling of the pores is to 
be avoided. The former situation is a waste of fuel; 
the latter is a “drowning” effect that covers and in- 
activates the catalyst and hinders removal of re- 
action products. 

Practical current densities cannot be maintained 
by the slow diffusion of sparingly soluble gases 
through liquid-filled capillaries. Generally, the gas 
electrodes are rendered nonwetting (with paraffin, 
for example) to keep the pores free of solution. In 
addition to getting gas quickly to the site of the 
electrochemical reaction, this prevents accumula- 
tion of reaction products in the pores, which would 
otherwise lead to concentration polarization (loss 
of voltage from local changes in concentration of 
fuels and combustion products). 

Pure fuel gases (including oxygen) are desirable 
because the accumulation of nonreactive compo- 
nents (such as nitrogen in air) will substantially 
stop forced flow. Pressure conditions causing gas 
flow are critical if the gas is to be utilized efficiently. 
The pressure to keep the capillaries free of elec- 
trolyte is proportional to the surface tension y of 
the electrolyte and the cosine of the contact angle 
#, and inversely proportional to the pore radius r: 

pa aee 


The pressure approaches zero for wetproof elec- 
trodes having contact angles approaching 90 deg. 
Additional pressure between the gas side of the 
electrode and the pure orifices is required to trans- 
port gas at a rate adequate to maintain a current 
density (J). This pressure is proportional to cur- 
rent density (J), pore length(l), and gas viscosity 
(yn), and inversely proportional to the fourth power 
of the pore radius (7), the population of pores (7), 


and the median pressure P. Thus: 


p.~(SRE) (22) (2 


where the symbols in the first fraction have their 
usual significance. 

The pressure on the gas side of the electrode can 
exceed P, only by an amount equal to the maximum 
bubble pressure if loss of gas by flow into the elec- 
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Fig. 3 — Schematic diagram of ion-exchange mem- 
brane fuel cell. 
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Fig. 4 — Schematic drawing of redox fuel cell (example: S: = Sn** —Sn**; 
S. Br - Bre) 
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ia continued 


trolyte is to be avoided. Therefore, electrodes of 
uniform, fine pore structure and constant hydro- 
phobic character are required to simplify pressure 
control and to avoid waste of fuel gas or drowning 
of electrodes. 

Accumulation of cell reaction products adversely 
affects electrode kinetics. An interesting and ef- 
fective approach to the removal of a cell’s reaction 
product was employed for the hydrogen-oxygen 
system. Cells were made with solid ion-exchange 
membrane electrolytes (Fig. 3). No dilution oc- 
curred from the water formed at the oxygen elec- 
trode during cell operation because water was re- 
jected from the saturated electrolyte without loss 
of electrolyte. 


Regenerative fuel cell — redox fuel cell 


Substitution of intermediate redox systems for a 
catalytic electrode to establish reactivity of the fuel 
results in one form of so-called regenerative fuel 
cell. Fig. 4 is a schematic drawing of a redox or 
regenerative fuel cell. Here, the fuel enters a re- 
actor, where it is chemically oxidized by the oxi- 
dized form of the redox system, say Sn**-— Sn**: 

Fuel + Sn** — oxidixed fuel + Sn*? 

The reduced form (Sn**) is transferred to the 
anode, where it behaves as the immediate fuel for 
the cell. Being a reduction product of the fuel, Sn*? 


is oxidized at a lower potential than the theoretical 
oxidation potential of the fuel: 


Sn‘? > Sn“ + 2¢ 


>tin fuel 
£ < gtue 
© ideal 


When the cathodic reaction also involves a regen- 
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Fig. 5— Mechanisms for oxidation of hydroquinone (according to 


Michaelis, Chemical Reviews, Vol. 16, 1935, p. 243). 


erative system (see Fig. 4), the cell avoids the 
problems of gas-diffusion electrodes. The anode 
and cathode are depolarized by solutions of electro- 
chemically reactive species (Sn** and Br,, for ex- 
ample) formed at the regenerator sites. The re- 
actions in the regenerators, being chemical, do not 
involve a crucial gas-electrolyte zone. The use of 
these redox couples will necessarily lower the rever- 
sible electromotive force below the value for the 
direct electrochemical reaction between fuel and 
oxygen. This is compensated by the adaptability 
of the redox cell to fuels of various degrees of purity. 
To achieve this advantage, sizable amounts of 
auxiliary equipment must be used for pumping and 
heat transfer. This adds to the complexity and 
limits the application of the system. 

The oxidation of carbonaceous fuels at low tem- 
perature poses a special problem. Their chemical 
oxidation in the regenerators of redox cells appears 
promising. The redox system (Sn*? — Sn*, Tit? - 
TiO*?, etc.) can be selected to have some catalytic 
influence on the speed of the chemical oxidation of 
fuel. In fact, the electrolyte as a whole influences 
the speed of reaction of organic fuels. Even rever- 
sible systems like quinone-hydroquinone (Fig. 5) 
react slowly unless their bivalent oxidation can be 
brought about by two successive univalent oxida- 
tions. In the case of quinone-hydroquinone the 
kinetics are enhanced, as illustrated in Fig. 5, by 
choice of pH (acidity) of the electrolyte. Redox 
cells offer the possibility of oxidizing organic fuel to 
carbon dioxide and water by a succession of rapid 
chemical one-electron processes. 


Regenerative fuel cells — converters 


The regenerative type of fuel cell just described 
does not regenerate fuel. A type of so-called fuel 
cell that does regenerate its fuel might better be 
classified as a converter. For example, sunlight, 
wind, electrolytic or atomic power, or heat is some- 
times converted into electrical energy via a fuel 
cell by repeatedly regenerating a relatively small 
quantity of fuel from the combustion products of 
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the fuel cell. The fuel is the source of power in only 
a very limited sense, no matter how regeneration 
is accomplished. Whether the external source of 
energy reverses the process of the fuel cell to re- 
generate fuel or employs some mechanism other 
than the cell to regenerate fuel, the overall mecha- 
nism is that of an energy converter. The distinc- 
tion is worthy of emphasis. The efficiency of a fuel 
cell is predicated by an electrochemical mechanism 
of consuming fuel. Fuel regeneration, or consump- 
tion of fuel as in an internal-combustion engine to 
manufacture a secondary fuel, changes the economic 
status of the fuel cell. Either no fuel is consumed 
at all, or efficiency is lost in making one fuel from 
another. 

Regenerative converters employing thermal and 
electrolytic energy sources abide by the same in- 
herent Carnot cycle limitations that restrict the 
theoretical efficiencies of conventional methods of 
power production. In a simple thermal-dissociation 
system, the products from the cell reaction are 
thermally dissociated at a high temperature and 
then recycled to the battery (Fig. 6). The maxi- 
mum efficiency for the thermal dissociation type is: 


— Srey 5 y = 7: 
a2 «7, 
where Q, is the molar heat absorbed at dissocia- 
tion temperature T,, and T, is the cell temperature. 


Similiarly, for an electrolytic regenerative cell (Fig. 
6) the maximum efficiency is: 


n t3™ ra O oar ) J T, a T, 
Q, T, 


Here, &,,, is the minimum potential required to dis- 
sociate the cell products (reverse the cell reaction). 
An example of a thermally regenerated fuel cell is 
the fused salt cell based on LiH: 


Cell reactions at 450 C: Anode 2Li — 2Li* + 2e 
Cathode H, + 2e — 2H 


Regeneration at 850 C: 2LiH 4 2Li+H, 


where A refers to heat 

These energy converters may require the storage 
of vast quantities of energy. Possibly, the storage 
of electric energy from solar converters will be 
avoided by some subterfuge as storage of hydrogen 
and oxygen made from electrolysis of water by 
solar energy. The stored gases would be used lit- 
erally “on a rainy day” and, of course, overnight to 
power a fuel cell. Even so, sunlight rather than 
fuel is the ultimate source of such electric power. 


Fuel costs 


Often cost is not a major consideration in the 
utility of a fuel cell. Hence, there are many vari- 
eties of fuel cells, each potentially suited to some 
special application, which involve the use of rela- 
tively costly fuels. Even poor efficiency, short cell 
life, or high capital investment might be tolerated 
in a cell designed around other critical factors such 
as compactness or light weight. 

Where fuel cost is critical, the most primitive type 
of fuel is desirable. Yet, electrolytic cells based on 
primitive fuels lack either high reactivity or long 
life. Hence, derived fuel gases have been used for 
the most part in research and development studies. 
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These include hydrogen and mixtures of hydrogen 
with carbon monoxide. These derived carbonaceous 
fuels could be used, in cells yet to be developed, to 
produce electricity at fuel costs of a few mills per 
kw-hr. Hydrogen would cost over 1¢ per kw-hr pro- 
duced, and is thus eliminated from consideration as 
a fuel for generation of central station power. Ex- 
cluding the extra costs for handling and storage of 
hydrogen for motive-power use, this gas could be 
used economically to fuel a low-horsepower vehicle. 
This use is equally or more appropriate for liquid 
or liquefied petroleum products such as propane, 
which has recently been utilized in a low-tempera- 
ture fuel cell. While oxygen rather than air is be- 
ing considered as oxidant, its cost (near $23 per ton) 
is also an economic factor for fuel cells, adding over 
l¢ per kw-hr. Considering storage and handling, 
the actual cost for oxygen might be on the order 
of 10¢ per kw-hr. 

The status of fuel-cell development does not per- 
mit an accurate analysis of costs. However, where 
large amounts of power are to be produced, certain 
types of fuel cells dominate the economic picture. 
The molten-salt fuel cell promises to make the best 
use of cheap and readily available chemical fuels, 
including CO and carbon. The redox fuel cell prom- 
ises to permit use of sugars, alcohols, and a variety 
of cheap, impure fuels. A regenerative-type cell 
employing nuclear or solar energy would be most 
suitable where the fuel source is other than 
chemical. 

For medium and low power needs, factors other 
than cost are paramount. In this area, hydrogen- 
oxygen systems appear to merit consideration. 
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Fig. 6 — Fuel cells involving thermal closed cycles. 


79 








12 musts for that 


isotope handling laboratory 


L. C. Schwendiman 


ERE are the features a designer ought to con- 
ider when planning an industrial radiochemi- 
cal laboratory: 


1. Determine the kind and amount of isotopes to be handled. 


All isotopes are not equally hazardous. Depend- 
ing on the amount manipulated, some isotopes re- 
quire no further consideration than would be given 
to the design of a good quality chemical laboratory. 
Isotopes can be classed roughly by toxicity when 
administered to the body. Some have high per- 
missible concentrations, others very low. You can 
get the necessary information from the Interna- 
tional Atomic Energy Agency booklet, “Safe Han- 
dling of Isotopes.” 


2. Type of laboratory based on isotopes to be used. 


Table 1 classifies the type of laboratory by scope 
of work and kind and amount of isotope used. This 
table considers toxicity following intake into the 
body system as the index to hazard potential and is 
intended only as a guide. The external radiation 
potential must also be taken into account. Design 
features of a laboratory are determined primarily 
to limit exposure from ingestion or inhalation. To 
manipulate moderately toxic gamma emitters safely 
will require attention to shielding and remote 
handling. 


-3. Isolation of isotope areas. 


A specific area should be designated for isotope 
work. Isolation does not preclude mingling cold 
chemistry, but it is unwise to use radioactive ma- 
terials at random throughout a laboratory doing 
work not requiring radiochemicals. Segregation 
minimizes the consequences of a bad spill, assists 
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in the control of the radiochemicals used, and makes 
routine monitoring easier. 


4. Separate laboratories or rooms for 2—4 men. 


This is better than a single, large room for the 
reasons just cited. Moreover, its stops cross-con- 
tamination or interference from different isotopes 
used in the overall laboratory effort. In the event 
of an accident, an individual laboratory can be 
sealed and decontaminated. 


5. Separate room for counting equipment. 


If the installation is extensive, meaning more 
than 12 people, or the more complex multichannel 
analyzers are used, a separate room for counting 
is desirable. Size must be determined by the scope 
of the services it will afford. 


6. Rooms for different functions. 


Eating in the laboratory is not permissible. There 
should be a separate lunchroom and there should 
be a room in which to change clothes before eating. 
The same room can be used for changing from pro- 
tective clothing to street dress. Office space must 
be kept free of contamination. A hallway between 
office and laboratory is desirable. There should be 
a separate room for storing isotopes, shielded and 
locked. 


7. Ventilation and air conditioning. 


Ventilation to protect workers is mandatory. All 
air should be filtered, humidified, and tempered, 
and the flow should be from no-contamination zones 
to low level zones and finally to the higher level. 
When a counting or instrument room is specified, 
special attention ought to be given to air condition- 
ing. Counter performance improves when ambient 
conditions are maintained constant. Air ought to 
be exhausted from a stack high enough to prevent 
recirculation. 
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Table 1 — Radioisotope Laboratory Classification 





Radio- Minimum ~ — 
toxicity of Significant Type C — 
Isotopes Quantity, 1c Good Chemical 
Laboratory 
Very high 0.1 10 uc or less 
High 1.0 100 uc or less 
Moderate 10 1 mc or less 
Slight 100 10 mc or less 


8. Hoods. 


Almost all radiochemical manipulation must be 
performed in a hood or other enclosure. Efficient 
hoods of various types are commercially available. 


9. Gloved boxes. 


Gloved boxes are enclosures with very low air 
leakage designed to permit safe use of highly toxic 
radiochemicals or other materials. A typical box is 
shown in Fig. 1. 


10. Laboratory surfaces. 


Surfaces of work benches, sinks, and floors should 
be smooth and resistant to acids and base materials. 
Avoid joints and crevices everywhere, including 
walls and ceilings, where radioactive material might 
lodge. Plan for easy cleaning and repair. 


11. Safety features and fire prevention. 


A person working with toxic or caustic materials 
should always be within 20-25 ft of a safety shower 
with a flow of 75 gpm wide open. Floor drains are 
not recommended. It is preferable to mop than to 
let the water enter the sewer system in event of 
severe contamination. 

A conservative approach should be taken in se- 
lecting features for fire prevention, detection, and 
control. Laboratory construction should be fire re- 
sistant throughout. Use an automatic fire-alarm 
system, but no sprinkler system because of the con- 
tamination potential. Extinguishers ought to be 
plentiful and handy. Solvents should, of course, be 
stored in explosion-proof refrigerators. Sparking 
electrical contacts must be excluded from a labora- 
tory using low flash point solvents. 


12. Radioactive waste disposal. 


Safe disposal of radioactive waste can be a big 
problem. Liquid and solid wastes exceeding the 
specified limits must be accumulated in suitable 
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Laboratory or Working Place Required 








Type A— 


Type B — 
Radioisotope High Level z 
Laboratory Laboratory i 
10uc— 10 mc 10 mc or more Z 
100 uc — 100 mc 100 mc or more 
Im— le le ormore : 
10me— 10c 10¢ ormore = 
me hy —,. 10 





Fig. 1 —Gloved box for manipulation of radiochemicals is simpler and 
less expensive than it looks. This drawing shows all essential features. 


containers and prepared for eventual disposal ‘at an 
approved site. A retention tank system is hardly 
justified for a small laboratory. Interim storage in 
containers and periodic disposal through commer- 
cial disposal concerns appear most feasible when 
quantities exceed those permitted to be disposed of 
via public sewer or local burying grounds. The 
Code of Federal Regulation defines permissible use 
of public sewers for radioactive waste disposal by 
AEC licensees, and the National Committee on Radi- 
ation Protection and Measurement has several pub- 
lications relating to waste disposal. 


from which material for this article was drawn, see p. 6. 
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Transmissions 


Oxidation 
Squawk 


Coefficient 


of Friction 


Based on paper by 


John R. Rodgers and Merrill L. Haviland 


LUTCH PLATE SHIFT PERFORMANCE of auto- 
matic transmissions is highly sensitive to fluids 
and their additives, and some oxidation of even 
good fluids is required for good performance, recent 
tests at GM Research Labs show. By correlating a 
very low-speed friction testing machine with trans- 
mission performance, it was possible to evaluate 
clutch plate materials and transmission fluids by 
the slope of the kinetic cf-speed curve. 


Squawk sired by stick-slip 


The squawking sound that sometimes occurs dur- 
ing the 2 to 3 shift of a Hydramatic transmission is 
caused by an alternate sticking and slipping of the 
clutch in the last moments before lockup. This 
mechanism is undesirable and forms a basis of 
evaluating a good or bad transmission fluid or 
clutch plate material. To define this mechanism 
clearly, high-speed pictures were taken of a trans- 
mission in action through a built-in window. From 
the 3000 frames per second taken, it is possible to 
plot the curve shown in Fig. 1. “Squawk” is heard 
when this stick-slip action is severe. 

The reason for the slip-stick operation can be 
further pinpointed by low-speed friction tests. In 
such a bench test, it is found that stick-slip corre- 
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sponds to an increase in coefficient of friction as the 
slipping speed decreases. Thus, another measure of 
performance is the slope of the coefficient of friction 
curve as the slip speed approaches zero. This phe- 
nomenon is shown in Fig. 2. Fluid B had already 
been proved satisfactory, and fluid H unsatisfactory, 
in transmission tests. 


Additive helps stick-slip 


One of several additives tested, dilaurylphosphate, 
stopped squawk and effectively eliminated stick-slip 
when added to a fluid which was “squawking” the 
transmission. Additives tested and their effect are 
given in Table 1. The impact of some of these addi- 
tives on the coefficient of friction curve is shown in 
Fig. 3. 

A second additive, di(n-octyl) hydrogen phos- 
phite, also reversed the slope of the friction coeffi- 
cient curve. However, there is still a part of the 
curve that has the wrong slope, so the performance 
is not considered as satisfactory as dilaurylphos- 
phate. (See Fig. 3.) 

From this limited work, it appears that there are 
two essential requirements for an additive to impart 
satisfactory friction characteristics: 


1. It must have a long, straight-chain molecule. 


2. The molecules must have an active group 
which will strongly attach to the rubbing surfaces. 


This conclusion springs from the molecular pat- 
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Table 1 — Effect of Additives Used in Transmission Studies 


Additive Quantity, °% Test No. Test Cycles Change in 2-3 Shift 


Performance 
Fluid G 58-111 0-1935 Excessive slip, squawk, clutch 
plate stick-slip 
Sulfurized Sperm Oil 2 58-111 1936-2165 No change : 
Oleic Acid 2 58-111 2166-2324 No change : 
Transmission Drained, Fluid C added 58-111 2325-2906 Stick-slip and squawk eliminated, : 
less clutch plate slippage 
Fluid O 58-V 0-1149 Stick-slip, squawk 
Barium Sulfonate 4 58-V 1150-1438 No change 
Zinc Dialkyldithiophosphate 1 58-V 1439-1885 No change 
Dilaurylphosphate 242 58-V 1886-2095 Stick-slip only intermittent, 


squawk eliminated 


STH 
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-92 ~ DATA UNOBTAINABLE LOCK-UP 
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TIME TO CLUTCH PLATE LOCK-UP - SECONDS 


Fig. 1 — Clutch plate squawk is caused by stick-slip motion between clutch plates just before they lock up. The actuai rela- 
tive motion plotted was obtained by high-speed photography. This effect can also be detected by fluctuations in torque output. 


tern of the additives tested. The patterns are: 








dilaurylphosphate (1) 
LOAD 120 PSI 
C,.H O O -C,,.H. FLUID TEMPERATURE 85°F 
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; rE Zz 
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Oo OH ¥ 
di(n-octyl) hydrogen phosphite (2) . 
C.H,,-O O-C.H . 
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HH 2 SLIDING SPEED - FPM 
CH,(CH,), C=C (CH,),C Fig. 2— Measuring low-speed coefficient of 
%, friction of materials by bench test apparatus 
OH gives a way of predicting stick-slip, and subse- 


(continued on next page) quent squawk, operation in transmission. 
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Fig. 3 — Additives with long-chain molecules and ability to attach to 
rubbing surfaces showed up well in a series of friction characteristic 
tests performed on low-speed friction tester. 








Fig. 4— Nitrogen atmosphere transmission tests show the 
need of some oxygen present to suppress squawk. Fluid G 
was used 
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sulfurized sperm oil (4) 
Ss O 
wo ™ 4 
CH,(CH.), C—C (CH.), C—O (CH,) , CH 
H H 
zine dialkyldithiophosphate (5) 
R-O S 
»’ 
R-O Ss 
Zn 
R-O S 
P 
R-O Ss 
Both effective additives, (1) and (2) are long, 


straight-chain molecules with a polar group attached 
to the alkyl groups. Dilaurylphosphate is a strong 
acid and may react readily with the rubbing sur- 
faces. Di(n-octyl)hydrogen phosphate also reacts 
with rubbing surfaces in the presence of small 
amounts of water and at moderate temperatures. 
In this case, one of the alkyl groups is removed and 
the following acidic compound may be formed (even 
though the additive itself is neutral) : 


HO O 
C.H O-P 
H 


The other compounds tested do not 
requirements. 


meet both 


Oxidation needed! 


Getting rid of transmission fluid oxidation can be 
a mixed blessing, tests using nitrogen as an atmos- 
phere showed. Squawk showed up after only 250 
shift cycles when a Hydromatic transmission was 
carefully flushed and filled with nitrogen. When 
air was passed through the transmission, the squawk 
decreased. Finally, the nitrogen system was re- 
installed to prevent severe fluid oxidation, and the 
squawk increased in intensity until the end of the 
run. Since squawk did not occur until 1200 cycles 
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in previous air tests with this fluid, it’s felt that 
fluid oxidation is not necessary to produce squawk. 
Further, it seems that oxygen must be present be- 
fore additives will react with the clutch plate 
materials. 

Another nitrogen test was run with air as a primer 
for the first 250 cycles. Although the total acid 
number of the fluid (indicating oxidation) did not 
climb during the air cycles, the oxygen effectively 
suppressed squawk for 2600 shift cycles. These re- 
sults are shown in Fig. 4. Thus, with the help of 
an oxygen preconditioning, the nitrogen blanket de- 
layed squawk, showing that too much oxygen can be 
as bad as too little. 

To confirm the tests, a normal run was made on 
the transmission. In this case squawk came at 1100 
cycles, which is par for this fluid. This shows that 
the transmission clutch faces were not affected by 
the previous testing. Also, the transmission was 
found to be free from sludge and varnish. 

A low-speed friction-coefficient bench test was 
run with fluid drawn from the transmission at 2476 


COEFFICIENT OF FRICTION 
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Fig. 5— Fluid samples from nitrogen tests show same 
general characteristics, even though one sample produced 
squawk and the other one didn’t. (See Fig. 4.) 





cycles during Test I and at 2138 cycles during Test 
II. The friction characteristics of both for a 2 to 3 
shift are undesirable, as shown in Fig. 5. In one 
case there was squawk, while in the other, squawk 
had not started. 

Since the friction characteristics of the fluid 
samples from both tests were essentially the same, 
it must be assumed that the clutch plate surfaces 
were different because of the manner in which the 
tests were run. Perhaps the oxygen did not get to 
the clutch plate surfaces in sufficient quantity to be 
effective in Test I. However, in Test II, air admitted 
at the beginning of the test was beneficial since no 
squawk occurred. 

To further check the effect of oxygen on friction 
characteristics, a normally satisfactory fluid (B) 
was run in the low-speed friction bench test under 
a blanket of nitrogen. The results show (Fig. 6) 
that the shape of the curve is essentially the same, 
which should indicate satisfactory performance in 
a transmission. However, a slight squawk was heard 
when fluid B was tested in a transmission under a 
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Fig. 6 — Oxygen starvation of a normally satisfactory fluid 


gives poorer performance in a transmission even though fric- 
tion coefficient curves don’t indicate this difference. 
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Fig. 7 — Results of friction 
coefficient tests for differ- 
ent clutch face materials. 
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nitrogen atmosphere. This lack of correlation is 
believed to happen because the rubbing surface area 
to fluid volume ratio of the bench test is a small 
fraction of that in a transmission. Since it is difficult 
to separate a fluid completely, there may have been 
enough oxygen left in the fluid samples to cause an 
additive reaction with the friction materials in the 
bench test. 


How friction materials affect performance 


Five types of typical paper clutch facing materials 
all performed similarly with both good and bad 


Is FFA 
Engine Overhaul 


Policy Valid? 


F. S. Nowlan 


XISTENCE of a reliability problem auto- 

matically provides an economic incen- 
tive for its solution. On the other hand, 
the FAA overhaul policy for turbines and 
certain reciprocating engines is very ex- 
pensive and relatively ineffectual in achiev- 
ing its purpose of improving engine relia- 
bility. (This policy permits no overhaul 
time extensions unless the failure rate is 
less than a certain number, and even re- 
quires overhaul time to be reduced when 
failure exceeds a certain upper limit.) 
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fluids. However, steel on steel gave poor results 
with both types of fluid. The results of clutch ma- 
terial tests are shown in Fig. 7, for satisfactory (B) 
and unsatisfactory (H) fluids. In each case the 
materials were rubbed against SAE 1020 steel. The 
friction characteristics of all the paper materials 
(M-1 through M-5) were satisfactory with fluid B 
and are plotted as a band. 

With fluid H, the friction characteristics with M-1, 
M-2, and M-3 on steel are undesirable since the co- 
efficient of friction increases with decreasing sliding 
speed. Differences exist, though, between the three 
curves. The static friction coefficient is a maximum 
for M-1, while the maximum coeffiecient occurs 
slightly above 0 fpm for M-2 and M-3. Thus, these 
latter two materials might show slightly better 
transmission performance than M-1. 

Cork on steel results for both fluids show a nega- 
tive slope curve. The negative slope for fluid B is 
within the range of repeatability, while the fluid H 
curve is indicative of poor performance. 

It was found that fluid molecules attach them- 
selves to paper, either by physical adsorption or 
chemical reaction. This is proved by the dissimi- 
larity of the two curves for M-1 rubbed against M-1 
and the similarity of the two steel-on-steel curves. 


To Order Paper No. 194A... 


from which material for this article was drawn, see p. 6. 


Thus, major improvements in reliability 
must come from component part develop- 
ment, or reduction in the severity of oper- 
ating environment. 

The following can be sited as an example 
of what one airline did in 1959 to attempt 
to alleviate the reliability problem of one 
type of engine: 

It modified engine components or re- 
placed them with newer designs at a total 
cost of $420,000. It conducted a controlled 
test of various cylinder barrel finish and 
piston-ring combinations. One combina- 
tion proved less healthy than the standard 
configuration and these engines were re- 
moved from service at a cost $235,000 
greater than had there been no such test 
It reduced cruising power. 

Costs of similar magnitude were incurred 
by the engine manufacturer and other 
large airlines individually. 

The overall reliability characteristics of 
the engine in question were not improved 
materially during 1959, but this lack of suc- 
cess must be considered to be due to the 
state of the art rather than to any lack of 
effort. 


To Order Paper No.229C .. . 
from which material for this article 
drawn, see p. 6. 
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ase A report from the BOARD OF DIRECTORS 


At the September 20, 1960, meeting of 
the Board of Directors, the following 
actions were taken: 


APPROVED 


NONMEMBER REGISTRATION FEE 
for Engineering Displays at National 
Meetings. (Summary 1) 


Renewal of authorization of SAE 
GROUPS (Summary 2) 
Recognition of Professor Erwin H. 


Hamilton as PIONEER IN SAE STU- 
DENT ACTIVITIES (Summary 8) 


BUDGET for 1960-61 Fiscal Year 


(Summary 3) 


INCREASE IN SIZE of Finance Com- 
mittee (Summary 4) 


Emphasizing effort to improve MEM- 
BERSHIP QUALITY (Summary 5) 


Expanded PUBLICATION PROGRAM 
(Summary 6) 


Policy Document on SAE-CRC RELA- 
TIONSHIPS (Summary 7) 


Addition of Arlington State College to 
schools approved for SAE STUDENT 
ENROLLMENT (Summary 8) 


Election to SAE MEMBERSHIP of 
ninety-four applicants (Summary 8) 


Rules and Regulations of SAE MEM- 
BERSHIP COMMITTEE (Summary 8) 


‘PROXY to SAE-Nominated CRC Di- 
rectors for CRC Annual Meeting (Sum- 
mary 8) 


Referral of 1960 CRC ANNUAL RE- 
PORT to Technical Board (Summary 
8) 


January 9, 1961, as date of ANNUAL 
BUSINESS MEETING (Summary 8) 


BROADENING SCOPE of Manly Me- 
moria!l Medal Award (Summary 8) 


CONFIRMED 


Appointment of SAE-Nominated DI- 
RECTORS ON CRC BOARD (Sum- 
mary 8) 


REJECTED 


Twenty-five applicants for MEMBER- 
SHIP (Summary 8) 


38 
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Nonmember Fee 


for Engineering Displays 


At the recommendation of the Engi- 
neering Activity Board, the Directors 
approved a $1.00 registration fee for 
nonmembers attending Engineering 
Displays at SAE National Meetings 
This registration fee will become effec- 
tive starting with the 1961 SAE Annual 
Meeting. 

It was the sense of the Engineering 
Activity Board that a nonmember reg- 
istration fee for the Engineering Dis- 
plays would help emphasize the differ- 
ence in prices and availability of SAE 
services for the member as opposed to 
the nonmember. 


@) 


Renew Authorization 


for Groups 


The following SAE Groups were au- 
thorized: to continue for one year, 
through September 30, 1961: 


Alberta 
Colorado 
Salt Lake 
South Texas 
Williamsport 


This action is in keeping with the 
SAE By-Laws, which state: “Authori- 
zation of a local unit to function as an 
SAE Group shall be for a one-year pe- 
riod, such authorization to be renew- 
able annually at the discretion of the 
Board of Directors.” 
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1960-1961 Budget 
Proposal Accepted 


The SAE Board of Directors approved 
the Finance Committee’s proposed 
budget for the 1960-61 fiscal year which 
indicates a total income of $2,341,665 
and a total expense of $2,241,500. Ap- 
plication of the Society's financial 
philesophy to this budget for the cur- 
rent year shows that the member serv- 
ice area is budgeted to operate in the 





black by a figure of $45,517. This fi- 
nancial policy states: 
e That income from investments 


shall be reinvested as a bulwark 


against inflation. 


e That the funds received from the 
SAE Cooperative Engineering Pro- 
gram shall be restricted for this 
program. 


Treasurer Delaney, in presenting the 
report on behalf of the Finance Com- 
mittee, pointed out that there are sev- 
eral elements of uncertainty in the 
budget. First, the advent of the 1961 
SAE International Congress and Ex- 
position of Automotive Engineering 
brings to the Society the largest Meet- 
ing it has ever held in a brand new 
facility—Cobo Hall. Because this 
particular Annual Meeting represents 
a new experience, estimating its in- 
come and expense potentials is a more 
difficult than usual task. Second, the 
dues increase approved by the Direc- 
tors in April becomes effective in the 
new fiscal year. Forecasting the over- 
all membership dues income with the 
usual degree of accuracy is less likely 
because of the difficulty of predicting 
the full dollars and cents effect of the 
dues increase 


@) 


Proposal 
for Amending By-Laws 


At the recommendation of the Fi- 
nance Committee, the first step was 
taken in amending By-Law B 28 to 
increase the size of the Finance Com- 
mittee. The By-Law currently states 
that the Finance Commitee shall con- 
sist of the Treasurer and four other 
members. The change proposed modi- 
fies the composition of the Finance 
Committee to include the Treasurer 
and siz other members. 

For this change in By-Law B 28 to 
become effective, the Directors must 
take final action at their next meeting 
in January. 


“A summary report of actions of the 
Board of Directors shall be published in 
the next following issue of the official 
publication of the Society.” 

from C 6 of the SAF titutior 
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Membership Quality 


The Board of Directors agreed to 
emphasize to the Governing Boards of 
Sections and Groups the need for 
strengthening the technical quality of 
the overall membership. This grew 
out of advice from the Membership 
Grading Committee, which had been 
acting on such guidance and instruc- 
tions from SAE Council in recent years. 
The Membership Grading Committee 
feels that the membership-at-large 
should have greater awareness of this 
Society stance, and, therefore, urged 
that the Directors call attention to the 
need for maintaining high technical 
qualifications for men elected to SAE 
membership. 

In addition to a communication 
which President Chesebrough has sent 
to Section and Group Governing 
Boards on the subject, the President, 
on behalf of the Directors prepared for 
publication in SAE Journal a similar 
message to the membership. It ap- 
pears on page 91 of this issue. 
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New Publication Program 


The new expanded publication pro- 
gram for the Society, as recommended 
by the Publication Committee, was ap- 
proved by the Directors. The new pro- 
gram, aimed at improving publication 
services to members, consists of: 


The New, Edited Preprint 

—approximately the same in 
format and price (75¢) as the 
preprint with which the Pub- 
lication Committee made its 
experiments at meetings late 
in 1959 and early in 1960. 


(a) 


(b) Continuation and Improvement 
of SAE Transactions as a key 
element in the expanded pro- 
gram ... using the preprint 
as the necessary link in its 
creation. 


Addition of Two New Types of 
Publications — both devoted 
exclusively to publication of 
full length technical papers, 
Activity Committee reports, 
or other SAE-sponsored pres- 
entations. The two new types 
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of publications are to be des- 
ignated as: 


e The SAE Technical Prog- 
ress Series 


e The SAE Advances in En- 
gineering Series 


In the discussion of the publication 
program, it was pointed out that a 
technological advance in the graphic 
arts makes it possible to embark on 
this new program. 

The price of SAE Transactions was 
increased from $3.00 to $6.00, effective 
with the 1962 issue. The Directors took 
this action because it was felt that 
Transactions is one of the Society’s 
services that should come closer to be- 
ing self-supporting. Although the new 
price will not make this publication 
completely self-supporting, it will re- 
duce materially the deficit currently 
being incurred in publishing SAE 
Transactions. 


@ 


Policy on 


SAE-CRC Relationships 


The Directors approved a proposed 
statement of SAE policy on SAE-CRC 
relationships, prepared by a special 
Committee under the Chairmanship of 
Mr. George J. Huebner. In presenting 
his Committee’s report, Mr. Huebner 
pointed out that the document clarified 
existing policies on the Society’s re- 
lationship with CRC and codified them 
in one place. It also will be useful in- 
formation in guiding SAE-nominated 
Directors on the CRC Board of Direc- 
tors. 

The Directors voted to disband Mr. 
Huebner’s Committee since it had com- 
pleted its assignment and expressed its 
appreciation to the group for complet- 
ing its work so effectively. 


Other Actions of 
The Board of Directors 


e Addition of Arlington State Col- 
lege, Arlington, Texas, to the list of 
schools from which SAE may accept 
students as SAE Enrolled Students and 
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graduation from which may be con- 
sidered qualification for election to Ju- 
nior grade. 


e Election of 94 applicants to mem- 
bership in the Society, reaffirmation of 
election of one member to Associate 
grade and one to Junior grade; 19 
transfers in grade of membership. 


e Rules and Regulations of the SAE 
Membership Committee as recom- 
mended by the Membership Committee 
approved. 


e Approval of special recognition to 
Professor Erwin H. Hamilton for his 31 
years of service as Faculty Advisor of 
the SAE Student Branch at New York 
University. ‘(At the October 6 meeting 
of the Metropolitan Section a plaque 
expressing the Society’s appreciation 
was presented to Professor Hamilton 
by Director R. R. Higginbotham.) 


e Confirmation of President Chese- 
brough’s appointment of the following 
as SAE-nominated Directors on the 
CRC Board of Directors for two-year 
terms, beginning January 1, 1961: 


M. R. Bennett 
V. G. Raviolo 
H. W. Zipp 


e Issuance of a proxy to SAE-nomi- 
nated Directors on the CRC Board of 
Directors for the forthcoming CRC An- 
nual Meeting. 


e Referral of 1960 CRC Annual Re- 
port to Technical Board for review and 
study. 


e Holding of the 1961 Annual Busi- 
ness Meeting of the Society on Monday, 
January 9, 1961, beginning at 9:00 
am, during the SAE International 
Congress and Exposition of Automo- 
tive Engineering, Detroit, Michigan. 


e Approval of an amendment to the 
Manly Memorial Medal Rules of Award 
to permit a broadening of the scope of 
this Award. This action constituted 
the second reading of the Amendments 
to these Rules. Announcement of 
these amendments to the Rules in the 
October 1960 issue of SAE Journal 
satisfies the conditions required for 
making these amendments effective 
starting with January 1961. 


e Denial of membership to 25 ap- 
plicants who were not considered quali- 
fied for SAE membership because of 
insufficient qualifying training and/or 
experience. 
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Overseas Authors Mount to 29 at 196] Annual Meeting 


EVENTY-SIX PAPERS have been 

offered by 56 overseas engineers 
from 10 different countries as a re- 
sult of solicitations by SAE’s Inter- 
national Information Committee for 
the SAE International Congress and 
Exposition of Automotive; Engineering 
in Detroit Jan. 9-13, 196P. 

Activity Committees have been read- 
ing and discussing this wealth of 
technical data from foreign areas ever 
since it began to arrive several months 
ago. Already these Committees have 
invited 29 of these authors to prepare 
papers for presentation at the Congress 
(1961 SAE Annual Meeting). The 29 


papers are scheduled for presentation 
at 17 different technical sessions. 
three other 


In addition, authors 
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GEORGE MACKAY 
LANGHAM will rep- 
resent the Institute of 
Automotive & Aero- 
nautical Engineers 
(Australia) at SAE’s 
International Congress 
and Exposition of Auto- 
motive Engineering in 
Detroit Next January 
9-13. He is president 
of the Institute. 


invited to give papers at 


have been 
later SAE National Meetings. 


Another 23 offers are still under 
study by various Activity Committees. 
In many instances, direct Committee- 
to-author contact is developing addi- 
tional information from which the 


@ June 4-9 


Committees will be better able to make 
final decisions. Only 20 of the offered 
papers have been found unsuitable for 
immediate scheduling. Reasons for in- 
ability to use in most cases have been 
the fact that the offered subject has 
recently been covered at some SAE 
gathering, or the material is not spe- 
cifically-enough applicable to SAE 
member needs ... or the suggested 
paper has previously been presented 
elsewhere. 

It is interesting to note that the 
percentage of offers for which invita- 
tions have been extended in the case 
of these overseas offers is approxi- 
mately the same as the percentage of 
domestic offers invited for SAE Na- 
tional Meetings in general 


ATIONAL MEETINGS 


Summer Meeting, Chase-Park Plaza, St. Louis. Mo. 


@ JANUARY 9-13 1961 ¢ COBO HALL e DETROIT 


deena nee 


in 


@ March 13-17 


National Automobile Week (National Automobile and 
Production Meetings), The Sheraton-Cadillac, Detroit, 


Michigan. 


@ April 4-7 


Nationa! Aeronautic Meeting 


York, N. Y. 


90 


we ' 1 





(including production 
forum and Engineering display) , Hotel Commodore, New 


© August 14-17 


Ore. 


display ) 


National West Coast Meeting, Sheraton Hotel, Portland, 


@ September 11-15 


National Farm, Construction, and Industrial Machinery 
Meeting (including production forum and engineering 


National Transportation Meeting 


National Powerplant Meeting 
.. . Milwaukee Auditorium, Milwaukee, Wis. 


@ October 9-13 


Angeles, Calif. 


@ November 9—10 


National Fuels and Lubricants Meeting, Shamrock Hotel, 
Houston, Texas 


National Aeronautic Meeting (including manufacturing 
forum and engineering display), The Ambassador, Los 
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DIRECTORS Stress Quality 


in Member Admissions Program 


D PROSPECTIVE MEMBER'S qual- 
ifications should be viewed in 
relation to the definition of SAE mem- 
bership requirements . . . rather than 
compared with those of someone al- 
ready an SAE member. Some who are 
members of the Society might not qual- 
ify according to today’s standards.” 

The SAE Board of Directors heard 
this frank statement in a Membership 
Grading Committee report read at its 
most recent meeting. Then it con- 
gratulated the Committee for having 
so clearly stated the emphasis-on- 
quality policy which the Board (and its 
predecessor Councils) had given the 
Membership Grading Committee to 
implement several years ago. 

Discussing this Committee report, 
the Board made clear that its instruc- 
tions to the Membership Grading Com- 
mittee inevitably require recommend- 
ing against election of some applicants 
who might have been considered quali- 
fied for election in the past... . And, 
the Directors feel, the Membership 
Grading Committee is reflecting their 
wishes effectively by the thoughtful, 
conscientious, and gracious implemen- 
tation being given to the Directors’ 
emphasis-on-quality program. 

This emphasis-on-quality program, I 
want to make clear, is being activated 
—at Directors’ request—in almost 
every phase of the Society’s work. 

The Engineering Activity Board has 
inaugurated an intensive program to 
improve the quality of technical in- 
formation developed by Activity Com- 
mittees and brought to the member- 
ship through meetings and publica- 
tions. The Publication Committee has 
just had approved an expanded pro- 
gram to improve the quality of SAE 
facilities for publishing full-length pa- 
pers and technical reports. Under SAE 
Technical Board auspices, quality is be- 
ing stepped up in character and stand- 
ardization of presentation of SAE 
Standards and reports on both ground 
and air topics. The Sections Board is 
moving to improve every phase of Sec- 
tion administration and keep the tech- 
nical quality of Section papers moving 
ahead in tune with national presenta- 
tions. 

Success for all of the “quality” pro- 
grams rests, in the long run, on the 
technical competency of SAE mem- 
bers; on their ability to contribute to, 
and benefit from SAE’s technical serv- 
ices. 

So, the Membership Grading Com- 
mittee’s more stringent interpretation 
of admission requirements is currently 
a great help to the Board of Directors. 
The Board is responsible for member- 
ship election decisions. 

The Directors are gratified also with 
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the increasing emphasis being placed 
on quality membership by the Mem- 
bership Committee. They reiy on the 
Membership Committee to interest 
qualified men in joining the Society; 
on the Membership Grading Committee 
to evaluate applicants’ qualifications in 
relation to the technical requirements 
for membership laid down in the So- 
ciety’s Constitution. 

The unity of purpose existing be- 
tween these groups is the major im- 
pellent toward the quality growth for 
which SAE has always sought. 

SAE recognizes that it cannot be all 
things to all people. What SAE is had 
been determined by its founders and re- 
affirmed by its officers through the 
years ...a technical organization dedi- 
cated to serve engineers. It is obvious 
that the technical fields covered by 
SAE are growing in sophistication, and 





at an accelerated rate. The Society 
must strive to maintain a high techni- 
cal quality of membership if it is to 
retain its competency to serve at this 
level. 

Certainly, all may agree in the ob- 
jective: to develop as large an SAE 
as possible whose membership is of the 
highest quality commensurate with a 
fair, consistent interpretation of its 
Constitutional qualifications for mem- 
bership. The Directors bespeak the 
active help of every SAE member 
toward this end. 


EDUCATION ... 
.. . to have its days at ICEAE 


DUCATORS, ENGINEERING STU- 

DENTS, and _ engineering-minded 
younger brothers will foregather at 
events planned for Tuesday, Jan. 10, 
and Wednesday, Jan. 11 of the week of 
SAE’s International Congress and Ex- 
position of Automotive Engineering at 
Detroit’s Cobo Hall. 

The program for engineering stu- 
dents is being arranged by the SAE 
Student Activities Committee, while 
the engineering-minded younger broth- 
ers... and sisters . .. will be major 
participants in Detroit-Section-spon- 
sored Father & Son program. 

Special student events on Tuesday 
(at going-to-press time) shape up like 
this: 


e Late afternoon tours of Exposition 
with emphasis on displays in the Sci- 
ence Pavilion. 


e Dutch Treat Dinner in Cobo Hall's 
Cafeteria. 


e Special Student Sessions: 


Students will learn 
in Technology and 


Engineering 
about “Trends 


How to Keep Up With Them” from a 
talk by Dr. E. J. Manganiello, asso- 
ciate director, Lewis Research Cen- 
ter, National Aeronautics and Space 
Administration. 


Junior high and high school stu- 
dents will be given a special treat in 
the Detroit-Section-sponsored Father 
& Son Session. 


e A. Scott Crossfield, chief test pilot 
and design engineer, Los Angeles Divi- 
sion, North American Aviation, Inc., is 
slated to relate his personal part in 
testing the X-15 aircraft. 


e Rotary Engines — the student ses- 
sions will be scheduled to wind up suffi- 
ciently early for all who are interested 
to attend the regularly scheduled Tues- 
day night session featuring a technical 
dissertation on the NSU-Wankel type 
of rotating combustion engine. 


Panel on Education 


Wednesday is when the educators 
and industry representatives will par- 


continued on page 93 
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From: 
John Lash, Consultant 
Producibility and Training 
Unit 
Engineering Department 
Boeing Airplane Co. 
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in the horizontal, vertical, and 
lateral paths. The numerically 
controlled machine simply sub- 
stitutes ‘“canned’’§ instructions 
for a machine operator. This 
offers the advantage of a reduc- 


production “know-how” and 
manufacturing through accept- 
ance of an undesirable condition 
have let the problem develop into 
an accepted practice. We are no 
longer able to live with this if 


Wichita 1, Kans tion in human errors during a we are to gain economical advan- 
Dear Editor: machine operation; however, in tage from automatic equipment 
aes : . so doing the versatility of the 
é etna a Pca ne human operator is lost. This is Reference Planes Impractical 
5 he the one new factor introduced 


Changes” is an article that ap- 
pears on page 86 of the Septem- 


by the use of numerical control. 
This is the factor that necessi- 


Traditionally, design layout 
engineers start from theoretical 


ber 1960 SAE Journal. tates a considered review of lines and convenient engineer- 
The words “Numerical Con- longstanding and accepted engi- ing reference planes. Naturally, 

trol” or “Computer” attract neering-manufacturing practices the next step is to use such 

= reader interest. Some readers relating to the presentation of theoretical engineering references 


are looking for guidance with the 
realization that they are soon to 
be affected by the capabilities of 
numerical control and other com- 


design information, that is, the 


for drawing dimensioning 
These engineering references or 
starting points are not practical 
locating planes for the mechanics 


= puter-allied techniques. Others, of fabrication or inspection 
= such as Boeing-Wichita, have They are not the physical lo- 
= spent several years in the nu- cating planes of the equipment 


merical control machining field 
and are interested in learning 
of new developments in the field 
The article lists the requirement 
for a special drafting system as 
one change caused by numerical 





Dimensions and Tolerances 

Require Engineer Attention 

Unfortunately, the practice in 
the past has been for the engi- 
neer to give inadequate consider- 


control. Special drafting pro- 
= cedures for parts produced by ai ation of the effect of tolerance 
. » tooo trolled ip- JOHN LASH is a Producibility Consult- on manufacturing processes. It 
aumerically controlle equip- ant to design engineers on machining, 


ment are not necessary, desirable 
or economical. Analysis of the 
factors involved indicate that no 
change in the basic ‘“conven- 
tional” drawing system is neces- 
sary. Properly applied, current 
drawing practices will serve 
equally well for all types of shop 
equipment 


Numerical Control Lacks 
Human Versatility 


Numerically controlled ma- 
chines are essentially no differ- 


tooling, and dimensioning problems at 
Boeing Airplane Co. 

He has based the comments contained 
in his letter on two years of study of the 
problems highlighted by numerical con- 
trol and on some 22 years experience in 
manufacturing, tool design, and engi- 
neering 


drawing. We have no new prob- 
lem—we have a costly old 
problem, needing correction for 
years which has been highlighted 


has been an accepted manufac- 
turing practice to “juggle” or ad- 
just as necessary to obtain ac- 
ceptable parts where tolerances 
will not permit a repetitive op- 
eration. Another common prac- 
tice is to provide liaison engi- 
neers to interpret drawings, 
change dimensions, adjust toler- 
ances and in general make up 
for the inadequacies of the origi- 
nal drawing during the fabrica- 
tion process. Automatic equip- 
ment, on the other hand, requires 
a preset or “freeze’’ of the proc- 


ent from the “hand-operated” by “numerical control.” We can ess prior to the machine opera- 
E equipment insofar as the actual place the blame equally on en- tion — at the parts programming 
end operation of machining is gineering and manufacturing. level. The introduction of fully 


concerned. The cuts are made 


Engineering through a lack of 


automatic equipment means that 
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more attention must be given by 
the engineer to the method of 
dimensioning, and to tolerance 
accumulation than in the past. 
It means that manufacturing 
considerations by the design en- 
gineer are a must. 


Problem Exists with 
Automatic Machines 


While the problem has been 
highlighted by “numerical con- 
trol” the condition exists with 
much of our other equipment. 
For example, the Hydrotel, Kel- 
ler, automatic screw machine, 
spar mill, and such, are auto- 
matic in that they are largely 
either template or cam controlled 
—a template or cam in lieu of 
a tape. 


Drawings Need Versatility 

It is not desirable to design for 
or to prepare data specifically for 
one special machining process. 
This amounts to a design engi- 
neer predetermining the machine 
and the shop for fabrication. 
Shop load and subcontract condi- 
tion normally make this imprac- 
tical. Furthermore, we cannot 
continuously change drafting 
systems and techniques for new 
equipment developments. Draw- 
ings must be as versatile as 
production equipment. Engi- 
neers must realize that they are 
not being forced into “special di- 
mensioning for numerical con- 
trol” but into producible dimen- 
sioning because of numerical 
control. 


Engineering Intent Must Be Met 


Whether the part is being ma- 
chined by numerical control or 
any machining process — manual 
or automatic — the part must be 
so designed that it can be repe- 
titively located through all op- 
erations to produce the engineer- 
ing intent prescribed by the 
drawing. Once the tooling is set 
no “juggling” of cutter settings, 
no adjusting of hand locators, 
and no hand layouts of lines can 
be accepted without a_ cost 
penalty. 
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From: 
David J. Heston 
State College, Pa. 


Dear Editor: 

I wish to compliment you on your 
job placement service list that ap- 
peared in the February 1960 SAE Jour- 
nal. It was a great aid to me in finding 
a summer job with Mack Trucks, Inc., 
in Plainfield, N. J. 

As a draftsman in their engine de- 
sign department, I gained experience 
which should prove helpful in my aca- 
demic work and selection of courses, 
and in my future engineering work. 


From: 
Mrs. Lucille Pieti Milne (J’51) 
Aramco Box 242 
Dhahran c/o Abqaiq 
Saudi Arabia 


Dear Editor: 

I am an SAE member who is appalled 
and angered by the number of deaths 
on U. S. highways today. I have an 
idea which is very simple, and, it seems 
to me, might save a few lives. 

Holiday weekends seem to take the 
high tolls. If this peak travel could be 
staggered, wouldn’t everyone have a 
better chance of reaching his destina- 
tion? I doubt if you could sell people 
on the idea of rearranging Christmas, 
Easter, or Thanksgiving holidays, but 
Memorial Day and Labor Day might be 
worked out. 

Why not make these two days regu- 
lar work days and give the employee 
the option of taking these two paid holi- 
days on two Fridays of his own choice, 
or adding them to his paid vacation 
time? The pressure on these two holi- 
day weekends at least might be re- 
duced. 

One practical problem would be to 
find out whether enough employees 
would be willing to work on these holi- 
days to make them productive work 
days. If each plant were to offer this 
plan to its employees, and take a vote 
to determine the extent of interest, it 
could be decided on an individual plant 
basis. It might be a small step in the 
right direction if even some plants 
adopted the idea. 
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ticipate in the “Breakthroughs in En- 
gineering Education” panel organized 
by University of Wisconsin’s Dean Kurt 
F. Wendt and Prof. P. S. Myers. This 
special session will be cosponsored with 
the American Society for Engineering 
Education. 


Dean Wendt will be moderator for 
the following panel: 


“Engineering. Education in Foreign 
Lands” — 
William L. Everitt, Dean of Engineer- 
ing, University of Illinois 
“New Trends in Organization of Engi- 
neering Education by Fields — M.LT. 
Approach” — 
Gordon 8S. Brown, Dean of Engineer- 
ing, Massachusetts Institute of Tech- 
nology 
“Post-University-On-The-Job Training 
for Engineers” — 
E. J. Manganiello, associate director, 
Lewis Research Center, National 
Aeronautics and Space Administra- 
tion 
“Educational Needs for Tomorrow’s 
Engineers — Industry’s Forecast” — 
J. J. Mikita, technical manager, Pe- 
troleum Chemicals Div., DuPont 
Company 


The current and long-range views on 
education indicated in the topics for 
this session ‘(sponsored by the Engi- 
neering Activity Board) are vital to all 
educators, all engineering students, and 
to industry as the end-user of educa- 
tion’s product.... ALL are invited. 


Official Notice 
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The Annual Business 
Meeting of the mem- 
bers of the Society of 
Automotive Engi- 
neers will be held on = 
Monday, January 9, ~ 
1961 at 9:00 A.M., at = 
Cobo Hall, Detroit, 
Michigan, as part of 
the Annual Meeting 
of the Society. 
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pe £€ R VAN DRIEST (L) listens to DR. W. R. DORN- 














planners at Tuesday's luncheon. 


Burt Raynes, Robert Clark, and Joseph Gilbert. 


ROBERT G. SHARP (r.) was given an “outstand- 
ing service” plaque by F. Herbert Sharp for his 
role as general chairman of the Program Planning 


Committee 


[ 
gicesT YET 


SAE PRESIDENT Harry Chesebrough congratulated meeting 
Seated (1. to. r.) are Guest 
Speaker John R. Van de Water, Toastmaster L. A. Carter, 




















From ground support equipment to exploration 


of Venus .. . from maintenance to research analysis ... 


Such was the span of the... 


LA Aero Meeting 


HE FULL spectrum of aerospace en- 

gineering was the technical fare at 
the largest technical meeting yet to be 
held by SAE. Ninety-four papers and 
15 panels covered the range. . . from 
man’s future space problems to opera- 
tion of today’s jet liners. 

Over 3000 engineers spent a week 
discussing problems, looking at sample 
parts and equipment, and listening to 
session papers. At other times, they 
renewed business and social acquaint- 
anceships. 

The Astronautic Symposium, part of 
the program jointly sponsored by SAE 
and the Air Force Office of Scientific 
Research, pinpointed such space prob- 
lems as planetary and space environ- 
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ment, astronautic communications and 
guidance, and propulsion. The Sympo- 
sium marked the third in a series that 
have been jointly sponsored by the 
AFOSR and other technical groups 
such as SAE. 


Welding, brazing, and metal removal 
panels brought out new techniques 
during the Aerospace Manufacturing 
Forum. Forums on handling of propel- 
lants and gases, and radioactive mate- 
rials, blended in with a session on 
ground support equipment. 

The step-after Dyna-Soar was re- 
vealed during a luncheon speech by Lt.- 
Gen. R.C. Wilson. Now under study isa 
winged, manned vehicle which would 


go from the earth into orbit and return, 
solely under its own power. This one- 
stage-to-orbit vehicle would use aero- 
dynamic lift while rising through and 
re-entering the atmosphere. Such a 
vehicle would be able to take off and 
land conventionally, yet combine many 
advantages of a rocket booster and an 
aircraft. 

Honors for. planning this largest-of- 
technical meetings go to R. G. Sharp, 
general chairman of the Program Plan- 
ning Committee; J. A. Van Hamersveld, 
general chairman of the Aerospace 
Manufacturing Forum; and W. F. Ball- 
haus, chairman of the Program Plan- 
ning Committee for the Third AFOSR 
Astronautic Symposium. 
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DR. E. R. VAN DRIEST (I.) listens to DR. W. R. DORN- 
BERGER, who was chairman of the first Astronautics ses- 


sion. Van Driest led a session on planetary and space 
environment. 


THIRD ASTRONAUTIC SYMPOSIUM is discussed by Lt.- 
Col. G. D. Colchagoff (left), who was the AFOSR Project 
Officer for the Symposium, and Col. A. P. Gagge, who gave 
a welcoming address at the first Symposium session. 
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GUEST SPEAKER Dr. Courtland D. Perkins, Assist- 

ant Secretary of the Air Force, Research and De- 

velopment, spoke on astronautics research at Wed- 

nesday’s luncheon. At left is Toastmaster Dr. W. 

F. Ballhaus, who also served as chairman of the 

Program Planning Committee for the Astronautic 
» Symposium. 


AFOSR DISPLAY was brought to the 
meeting to emphasize the advance 
research character of its work. Dr. 
Knox Millsaps, executive director of 
the AFOSR, is shown reviewing avail- 
able literature with Col. A. P. Gagge. 





AERO-SPACE COUNCIL launched a study of its divisional structure to see if it is keeping pace with technological advances. Another project 
undertaken at the LA meeting relates to the nuisance aspect of engine noise. Among those present were (I. to r.) Chet Mines, Dan Beard, Phil 
Jones, Ray Kelly, Chairman Carl Sadler, and Harold Zipp. 


LA 


Aero 
Meeting 


. continued 


AEROSPACE MANUFACTURING FORUM for next year is discussed by (I. to. r.): Robert L. Clark, 
1961 general chairman; J. A. Van Hamersveld, 1960 general chairman; Burt Raynes, 1961 sponsor; 
and Maj.-Gen. Austin Davis, director, Procurement and Production, AMC. 


There were plenty of parts to check at the sessions 








los a igeles 


DR. C. T. MOLLOY (1.) was surprised by fellow members of Aero-Space 
Committee G-5, Shock and Vibration, who gave him a plaque thanking 
him for his leadership since G-5’s formation five years ago. Joseph 
Glibert, secretary and general manager of SAE, made the presentation. 


WINNER of the Wright Brothers Award, Milford Guy 
Childers (1.), received a medal and scroll from Dr. A. E. 
Lombard, Jr. His prize-winning paper, ‘Preliminary De- 
sign Considerations for the Structure of a Trisonic Trans- 
port,” was presented at last year’s Los Angeles Aero- 


nautic Meeting. 


JOHN LOWRY, NASA, shows one of the supersonic 


FINANCIAL INCENTIVE SYSTEMS used in Yugoslovia were reported on by UCLA’s Dr. 
variable swept-wing model planes he brought to the 
Look - 


Ralph M. Barnes (extreme right), who had just returned from Belgrade. 
Engineering Panel meeting, he said the practice is widespread. 


and engineering display. 


At the Industrial 
Air Transport Activity Committee meeting. 


ing it over are John Dyment, Trans-Canada Air 


Lines (1.), and Harold Hoekstra, FAA (r.) 





THE AEROSPACECRAFT ACTIVITY COMMITTEE takes a breather during its meeting 


is checking with 1960 chairman Herb Sharp on the progress of the technical sessions 


Harold Zipp, newly elected chairman (left foreground 


1960 SAE National Aeronautic Meeting at Los Angeles included: 


A Method for Controlling Time-Variable Aero 
lynamic Heating and Loads in Structural Test 
ing, G. R. Rewerts and P. J. Swanson, Convair 
Astronautics (228A) 


Testing Techniques for Elevated-Temperature 
Structures, $. L. Shaw and C. H. Stevenson, 
Dougias-Ei Segundo (228B) 


Strength Prediction after Severe and Complex 
Thermal Histories, D. M. Badger and C. D. 
Brownfield, Northrop (228C) 


Methods of Establishing and Presenting Env 
ronmental Design Criteria for Air Vehicles, J. 
E. Stein, North American Aviation (228D) 


Future Reliability Concepts and Ramificatior 
8. H. Hershkowitz, North American Aviation 
(229A) 


Reliability Concepts for Future Transports, H. 
W. Adams, Douglas-Santa Monica (229B) 


An Evaluation of the Relationship Between Re 
liability, Overhaul Periodicity, and Economics in 
the Case of Aircraft Engines, F. S$. Nowlan, 
United Air Lines (229€ 


The Philosophy of Design Safety Provisions 
Complex Weapons, W. L. Johnston, Convair 
an Dieg (229D 


Design of Experiment in Determination of Shock 
and Vibration Environment, J. E. Barkham, 
Lockheed Missiles G Space Div nm (231A) 
Presentation and Analysis of Shipboard Shock 
Data, $. C. Atchison, David Taylor Model Basin 
(231B) 


Processing Missile Flight Vibration Data, J. N 
Christiansen, Lockheed Missiles G Space Div 
sion (231C) 


Correction .and Statistical Analy: of Missile 
light Vibration Data, M. D. Lamoree, Lockheed 
Missiles G Space Division (231D) 


Comparison of Four Auxiliary Power Systems 
for Short Duration Missile Applications, D. T. 
A. Miller, Telecomputing Corp. (232A) 


Development and Tests for Achieving Reliabil 
ty and Reproducibility in Solid Propellant Gas 
Generators, K. F. Miller, North American Avia 
tion (232B) 


Utilization of Solid-Propellant Power Supplies 


for Ground-to-Air Rapid-Firing Missiles, Michael 
Voytish, Jr., Convair-Pomona (232C) 


How ft Select Power Systems for Aero-Space 
Applications, J. $. Newton, Consultant (232D) 
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Inorganic Adhesive Bonding for Functiona 
Temperatures up to 5000 F, R. A. Long, 
Narmco Industries (233A) 


Transparent Enclosure Materials for Transport 
B. L. Manire, Northrop (2333 


A Pressure Vessel Test Program for the Evalu 
ation of Rocket Motor Case Material, C. W. 
Haynes, Solar Aircraft (233C) 


Mach 3 Wing Structures — Stiffened Skin vs 
Sandwich, J. C. Joanides, Stan Mellin and Leslie 
M. Lackman, North American Aviation (233D) 


Missile and Space Vehicle Non-Propulsive Power 
Concepts, D. K. Breaux, W. L. Burriss and R. L. 
Schultz, AiResearch Mfg. (234A) 


Power Generating Systems for Manned Space 
Vehicles, W. C. Dunn, Aerojet-General (234B) 


Secondary Power Systems for Space Vehicles D. 


B. Mackay, North American Aviation (234C 


Experimental Boiling Sodium System, T. A. 

Coultas and H. L. Burge, North American Av 

tion (234D) 

Reliability Implementation in Engineering De 
gn, Irving Doshay, Aerojet-General (235A 


An Integrated Reliability and Maintainability 
Program, M. E. Wheelock, North Americar 
Aviation (235B) 


Reliability Factors in Part Procurement, D. C. 
Beery, Northrop (235C) 


The Role of a Reliability Field Engineering Pre 
gram in Weapon Systems Reliability, C. A 
Overbey, Convair-Astronautics (235D) 


Shock Testing with the Electrodynamic Shaker 
R. H. Wells and R. C. Mauer, Lockheed Air 
craft (236A) 


Representing Frequency Response Character 
tics of Elastomers for Shock Isolation, R. E. 
Newton, Naval Postgraduate School, and L. E€. 
Matthews, Naval Missile Center (236B) « 


Response of Small Electronic Components t 
Intense Sound Fields and to Vibration, DBD. U. 
Noiseux, Bolt Beranek G Newman, Inc. (236C) 


Flight Characteristics of the DC-8, O. R. Dunn, 
Douglas-Santa Monica (237A) 
Flight Testing the Convair 880, D. P. Cerme- 
raad, Convair-San Diego (237B) 


A New Concept in Automatic Landing and 


Navigation, F. K. Preikschat, Boeing (237C) 


Development of In-Flight Modulating Type 
Thrust Reverser for Single Engine Aircraft, W. 
T. Kehrer, North American Aviation (238A) 


Community Psychoacoustics Key to Ajrcraft 


Noise Design and Operation, Bart Spano, Poly- 
nics, Inc. (238B) 


sound Suppressor and Jet Reverser Effect on 
Aircraft Performance, W. R. Walley, Douglas- 
Santa Monica (238C) 


Economics of the Supersonic Transport, $. M. 
Horowitz, Convair- San Diego (239A) 


Low Cost Cargo Aircraft Turboprop of Tur- 
fan?, T. F. Cartaino, Rand (2398) 


System Approach to Reduced Air Cargo Costs, 
L. B. Aschenbeck, Douglas-Santa Monica 
239¢ 

Design and Development History f the J79 
Engine, F. L. Smith and N. L. Burgess, General 
Electric (240A) 

Development of a Pyrophoric Fuel Thrust Aug- 
menter for the J69 Engine, D. C. Bay and J. H. 
Hill, Continental Aviation G Engineering (240B) 


Design Characteristics Affecting Gas Turbine 
Combustion Performance, A. H. Lefebvre and 
T. Durrant, Rolls-Royce (240C! 


Silo Lift Launcher System for the Atlas ICBM 
R. H. Thomas, Convair-Astronautics (241A) 


A New Concept in Ground Movement, Robert 
Adickes, Aviation Consultants, Inc. (241B) 


heck-Out Equipment, An Airline 
. A. Aldrich, United Aijr Lines 


Automatic 
Viewpoint 


(241C) 
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A Voice Frequency Communication System for 
Operational Missile Weapon Systems, R. R. Dye, 
Northrop (241D) 


The H Rocket Engine for Saturn, Roy Healy, 
North American Aviation (242A) 


High Energy Solid Composite Propellants, R. L. 
Parrette and R. Gentry, Aecrojet-Genera!l (242B) 


Fire Safety Design Consideratoins for Rocket 
Powered Vehicles, K. P. Lopp, North American 
Aviation (242D) 


Papers are available through SAE General Publication Department. Prices: 50¢ a copy to members; 
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SUCCESSFUL RESULTS OF THE AEROSPACE MANUFACTUR- 
ING FORUM were discussed at an after-glow session for panel 
chairmen and co-chairmen, and the Forum’s Executive Commit- 
tee. Members of the latter are: A. C. Esenwein, sponsor; J. A. 
Van Hamersveld, general chairman; B. K. Bucey, W. A. Burton, 
R. L. Clark, Ross Clark, |. Dagan, J. H. Famme, D. J. Gribbon, R. 
F. Hurt, P. A. Jacobs, J. A. Logan, R. C. Loomis, H. M. Schiff, 
C. W. Seymour, N. H. Shappell, W. F. Snelling, and W. L. Young. 


Some Comments Affecting the Selection of a 
Liquid or Solid Propellant Propulsion System, 
Fred CG. Etheridge, North American Aviation 
(242E) 


Applications of the Army-Navy Instrumentation 
Program to Transport Aircraft, H. L. Wolbers, 
Douglas-E! Segundo, and A. M. Mayo, NASA 
243A) 


Aircraft Surveillance Sys 
Electronics (2438) 


LOCTRACS — An Al 
tem, P. F. Pearce, Lockheed 
Atmospheric Density as an Altitude Indicator, 
H. E. Reiquam, Boeing (243C 


Survival Considerations for Interplanetary Mis- 
sions, E. A. Smith and R. W. Connor, Northrop 
(244A) 

A f the Space Crew 


R. B. Wilson, 


aintaining the Confidence 


4 
in Their Life Support System 
Convair-Astronautics (244B) 


An Engineering Evaluation of Algae, J. J. Koni- 
koff, General Electric (244C 


Human Factors Criteria in Manned Anti-Sub- 
marine Weapon Systems, D. B. Morris, North- 
rop (244D) 


A Systematic Human Factors Approach in the 
Engineering Design of Space and Missile Sys 
tems, Stanley Deutsch, Douglas-Santa Monica 
(245A) 


Systems Engineering Considerations in Design- 
ing and Testing the Life Support System for 
Project Mercury, J. R. Barton, McDonnell Air 
craft (245B) 


Design Solutions and Test Results for the Life 
Support System for Project Mercury, E. H. Oll- 
ing, AiResearch Mfg. (245C) 

: Cc. F. Rabideau, 
iD. L. Schlo- 


pace Systems Training Device: 
Space Technology Labs., Inc ar 
redt, Northrop (245D) 


Improving the Upper-Stage Reliability of Large 
Rocket Engines, J. T. Keeley, Martin-Denver 
(246A) 


Experimental Studies of Combustion Chamber 
and Feed System Stability During Throttling of 
a Regeneratively Cooled Liquid Hydrogen-Fiu 
orine Rocket Engine, E. W. Otto and R. A. 


Flage, NASA Lewis Research Center (246B) 
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Review of Able and Able-Star Upper Stage Ve- 
hicles or Simplicity — A Sure Road to Reliabil- 
ty at Low Cost, Dave Holzman, J. S. Robbins 
and W. D. Stinnett, Aerojet-General (246D) 


Altitude Starting Capabilities of Existing Large 
Liquid Propelled Rocket Engines, W. F. Ezell, 
North American Aviation (246E) 

Review of Aicraft Instrument Problems, CG. T. 
Gebhardt, Boeing (247A) 


The Penalties of Non-Optimum Flight Opera- 
tions of Jet Aircraft, A. C. Butterworth, Doug 
las-Santa Monica (247B) 


Equivalent Wind Concept in Route Planning, R. 
M. Wells, Boeing (247C) 


Electronic Computer for Optimum Flight Plan 
Determination, M. E. Balzer, United Air Lines 
(247D) 


The following papers were presented at an As- 
tronautic Symposium developed jointly by SAE 
and the Air Force Office of Scientific Research. 
The Symposium is available only as a book, 
titled “Vistas in Astronautics — 1960." Price: 
$8.00. 


The Key Problem of Military Space Technology 
H. A. Boushey, Arnold Engineering Development 
Center 


Utilization of Space from a National Stand 
point, R. W. Buchheim, Rand 


Exploration of Venus, W. F. Hiltner, O. C. Col- 
lins and R. H. Lienarz, Boeing 


Astrophysical Research from Space Vehicles 
Michael Witunski, McDonnell! Aircraft 
Boden, 


Electrical Space Propulsion, R. H. 


Rocketdyne 


Design Considerations of a Magnetohydrody- 
namic Electrical Power Generator, C. W. Sutton, 
ton, General Electric 


Developmental and Operational Considerations 
of Nuclear Rockets, A. C. Negro and L. R. 
Sitney, North American Aviation 

Orbital Refueling Satelloid, $. T. Demetriades 
and C. F. Young, Northrop 


Human and System Performance During Zer 
G, E. L. Brown, USAF 

Biomedical Research in Space, R. GC. Lindberg, 
Northrop 


75¢ a copy to nonmembers; Other publications are priced as noted in the listing. 
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A Pragmatic Approach to Bio-iInstrumentation, 
S. U. Miller, Norman Namerow and Philip 
Strauss, Space Systems G Industrial Automa- 
tion, Inc 


Extraterrestrial Life: A Discussion of Problems 
of Determination, P. A. Campbell, USAF 


The Application of Geology to Man's Survival 
on the Moon, Jack Green, North American Avi- 
ation 


Exploration of the Atmosphere of Venus, D. H. 
Menzel, Harvard University 


Results of Satellite and Space Probe Observa- 
tions of Radiation Environment, H. E. Newell 
and J. E. Naugle, NASA 


Our Present Knowledge of Interplanetary Con- 
ditions, E. N. Parker, University of Chicago 


On the Influence of Particle Radiation on 
Manned Space Flight, D. H. Robey, Convair- 
Astronautics 


Mercury Capsule Communications Requirements 
and Development, William Benner, McDonnell 
Aircraft 


Potential Capability of Light as Information 
Carrier for Space Communication, K. W. Otten, 
WADD 


Solar-Optical Communications for Space, D. D. 
Erway, Electro Optical Systems, Inc 


Long-Life Satellite Control — Problems and Pos- 
sible Solutions, D. H. Schwebs, Institute for 
Defense Analyses 


Applications of Optical Techniques to Inter- 
planetary Navigation, Frederick Stevens, North- 
rop 


A Satellite Rendezvous System, C. H. Parker 
and W. A. Daly, Convair-Astronautics 


“Trends and Requirements for Aerospace Man- 
ufacturing” (1960 Los Angeles Aerospace Man- 
facturing Forum) SP-333 — includes discussion 
on New Manufacturing Techniques: Processing 

-Welding and Brazing — Metal Removal — 
High-Energy Forming; Operations Research Ap- 
plied to Manufacturing Problems; Reliability; 
Handling of Radioactive Materials; Facilities 
Planning for a Changing Business; Handling of 
Propellants and Gases; Ground Support Equip- 
ment; Electronics Manufacturing of the Future; 
Industrial Engineering; Data Processing Mech- 
anizes Production Control; Energy Forming; 
Fabricating Refractory Metals. Available after 
Dec. 15, 1960. Price: $3 to members; $6 to 
nonmembers 
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COOPERATIVE 


With 32% of its content 


either new or revised . 


ENGINEERING 


Nei 


PROGRAM 


1961 SAE Handbook Reflects 


Constant Engineering Change 


EW reports on central hydraulic 

fluids and non-destructive test 
methods herald advances being made 
in the materials field. Development of 
these and other reports by the 28 
ground vehicle technical committees of 
the SAE Technical Board is linked to 
expanding industry activity. 

The 1961 SAE Handbook, which will 
be issued January 1, has 396 reports 
spread over some 900 pages. 
24 reports are new, 78 technically re- 
vised, and 24 editorially changed. 
Their publication constitutes an SAE 
service which annually provides indus- 
try with dimensional specifications, 
test requirements and procedures, and 
material compositions. 


Central Hydraulic Fluids 


Among the new reports are Central 
System Fluids and Test for Central 
System Fluids. The first recommends 
performance characteristics for petro- 
leum-based and synthetic-based fluids. 
The second report describes tests for 
fluid shear, flow, oxidation, and low- 
temperature viscosity. 

A standard fluid is 
Technical Board Chairman 
Kucher, because: 

(1) A _ specification acceptable to 
State administrators will ultimately be 
necessary, since the central hydraulic 
system (‘in which the fluid is used) 
includes brake activation. 

(2) A standard will provide a prac- 
tical common goal for the design effort 
of all systems manufacturers. 

These reports are the result of three 
years of study by the Power Assist 
Fluids Subcommittee of the Fuels and 
Lubricants Technical Committee and 
the Central Power System Fluids Sub- 


needed, says 
A. A. 
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Of these, 


committee of the Nonmetallic Mate- 


rials Committee. 


Non-Destructive Test Methods 


Also in the 1961 Handbook are four 
reports on non-destructive test meth- 
ods. Developed by the Iron and Steel 
Technical Committee, they tell how 
such tests may best be used to main- 
tain and improve the quality of ferrous 
and non-ferrous materials. In them, 
relative advantages and disadvantages 
are disclosed. The reports cover: 

@ Ultrasonic Inspection 

@ Industrial Inspection Radiography 

@ Eddy Current Testing 

@ Liquid Penetrant Test Methods 


Other New Reports 


Method for Determining Breakage 
Allowances for Steel Sheets — Simpli- 
fies the detection of defective sheets 
without extensive inspection of broken 
stampings. This report will be of par- 
ticular interest to plants which don’t 
have laboratory control facilities. 

Approach, Departure and Ramp 
Breakover Angles—Gives minimum 
breakover angles which, if adhered to, 
will assure the compatibility of vehicle 
and highway. 

Lubricant Types — Construction and 
Industrial Machinery — Describes lu- 
bricant types and their use in compo- 
nents. The report’s use by equipment 
manufacturers will simplify servicing 
requirements by narrowing down the 
number of lubricants currently being 
recommended for use. 

Test Procedure and Ratings for Hot 
Water Heaters for Motor Vehicles — 
Describes methods of rating hot water 
cores and hot water heaters. This re- 
port does not apply to complete heater 


systems which include 
built into a vehicle body. 

Tire Selection Table for Agricultural 
Machines of Future Design — Provides 
a series of tire sizes designed to be used 
with a common wheel, thus minimizing 
the number of tire sizes used on agri- 
cultural machines. 

Automotive Flashers—Applies_ to 
12-volt systems. This report estab- 
lishes flashing rate range for good 
identification, gives requirements for 
minimum flasher life, gives electrical 
performance so flashers will not dete- 
riorate the lighting values of the bulb 
that it is actuating, and provides for a 
warning on a bulb-out failure. 

Automotive Transmission Diagrams 
— Illustrates transmissions by means 
of a series of schematic diagrams. 
This report was developed to stand- 
ardize existing practice and to promote 
an understanding of the functional 
relationships of various transmission 
components. 

Sealed Beam Headlamps — Docu- 
ments the physical and functional re- 
quirements of sealed beam headlamps 
which contain one or more sealed beam 
units. 

Exhaust Flanges—Industrial En- 
gines— Use of this report will ulti- 
mately lead to the standardization of 
engine outlets. Such an event would 
permit interchangeability of optional 
engines in pieces of equipment without 
extensive modification to exhaust sys- 
tems. 

Nomenclature — Five new reports 
clarify terminology related to: air 
springs; ride, vibration and suspen- 
sion; industrial tractor front-end 
shovel and loaders; wagons; and yield 
point and yield strength. 


components 
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Poll Points Way 
To New AMSs 


ed on report to 
Aeronautical Material 
on Division by 


pe 3 


Mattie F. McFadden 


theon Co 


IRCRAFT and electronic companies 
engaged in primary missile efforts 
plus instrument, engine, and compo- 
nent manufacturers need specifications 
on plastic potting and casting, an AMS 
survey shows. Resultant efforts by the 
AMS Nonmetallic Materials Committee 
to meet these needs are linked to the 
expanded use of electronic equipment 
in aero-space industries. 
Of the 35 companies surveyed, 78% 
need fixed values for water absorption, 


Simplified Theory 
Detects Fatigue 


Prof. Wayne M. Beebe 


OUR unifying principles cut through 

a maze of complex problcuis related 

to dynamic failures in solid materials 

and form the basis of a simple mathe- 

matical solution to fatigue problems. 

Their use by material analysts could 

lead to optimum structural designs 

with less effort than is now required. 

The theory which supports the above 
is based on what follows: 


(1) All fatigue failure phenomena 
can be related to the state of total 
stress or strain at a point in a solid 
substance. These total stresses can be 
separated into two components. One 
is the stress or stresses which are im- 
posed due to the application of external 
loads. The second is residual stress 
and relates to the locally strained state 
of a body prior to the application of 
external loads. 

(2) Within the limits of practical 
engineering accuracy in predicting 
failure, residual stresses and load 
stresses can be added algebraically to 
give the total stress at any point in a 
solid body. 

(3) Within acceptable engineering 
accuracy, there is an allowable set of 
total principal stresses at a given point 
in a body, depending upon the number 
of load cycles, below which fatigue 
failures will not occur. 
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electrical resistance, and temperature 
stability. Over 50% need values for 
impact, compression, tension, fluxure, 
dielectric constant, coefficient of ther- 
mal expansion, and maximum heat 
distortion. 

All showed concern about the prop- 
erties and characteristics of plastics at 
end-use temperatures. Approximately 
31% need to know of properties at end- 
use temperatures ranging from — 65 to 
350 F, 29% from — 65 to 500 F, and 23% 
from —65 to 600 F. 2% are concerned 
with properties in the -65 to 1000 F 
range. 

In the case of 28 companies, end-use 
property values have not been set. 
These companies controlled cured parts 
quality by duplicating workable formu- 
las and monitoring on the basis of 
“follow the formula and procedure 
carefully.” 

Twenty-nine companies have fixed 
values for many end-use properties. 
Sixteen believe these values are de- 


Three qualifying factors relate to the 
latter. 

e The value of the allowable stress 
may depend on whether the stress field 
is uniaxial, biaxial, or triaxial since this 
may dictate the establishment of a 
failure criteria similar to the distortion 
energy ellipsoid used in predicting 
Static failures. 

e Because microcracks are formed at 
stress levels below the nominal en- 
durance limit and at a relatively small 
number of load cycles, considerable 
scatter of the fatigue failure data may 
be expected at low stress levels. Thus, 
the statistical interpretation of the 
failure data based on total stress must 
be retained because the number of dis- 


pendable enough to form a basis for 
AMSs. 

Approximately three-quarters of the 
reporting companies use commercial 
ready-mix compounds for the majority 
of their plastic potting and casting. 
Relatively few formulate the majority 
of their casting and potting compounds. 
Nearly half formulate a few. 

Epoxy is the most generally used 
resin. Silicone, polysulfide and poly- 
ester resins are next to respective use. 
Fillers of mica, silicone dioxide, glass 
fibers, aluminum powder and talc are 
used extensively. 


Majority Want 2-Part Specs 


Two-thirds of the reporting com- 
panies prefer 2-part material specifi- 
cations and one-third prefer process 
specs. Relatively few consider their 
company specifications sufficiently 
proprietary to preclude their use as 
basic tools for preparing AMSs. 


locations and foreign inclusions in the 
material are not controllable or even 
accurately predictable. 

e The failure stress levels for ma- 
terial at the surface of a solid body are 
different than the failure stress levels 
at the interior of the body. 

(4) Within reasonable engineering 
accuracy, the well-established methods 
of the Theory of Elasticity and of 
Plasticity can be used to obtain both 
the macro-residual stresses and the 
load stresses. 

Although these principles are based 
on experimental findings, they do pro- 
vide a single approach to fatigue prob- 
lems which formerly took experts con- 
siderable time and effort to resolve. 
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Pilots and Instrument Engineers 


Meet for 4 Days in Montreal 


ORTY-THREE pilots and aircraft instrument engineers 

met in September to get a better grip on cockpit stand- 
ardization problems of concern to both groups. As members 
of two SAE aero-space technical committees, they partici- 
pated in a 4-day program. designed to coordinate certain ac- 
tivities of Committee S-7, Cockpit Standardization; Commit- 
tee A-4, Aircraft Instruments; and the Joint S-7/A-4 
Subcommittee on Integrated Flight Instrumentation. 


Highlights of the Montreal meeting were: 


@ A luncheon talk by the U. S. representative to the Inter- 
national Civil Aviation Organization, Nelson B. David, 
and 


e Plant tours of Canadair, Rolls-Royce of Canada, and 
Trans-Canada Airlines. 


During the joint A-4/S-7 meeting, warning flag problems 
encountered by designers and manufacturers were brought 
out by Caesar Fragola. Also covered were combined air 
speed-angle of attack-Mach displays, design criteria for in- 
tegral lighting of instruments, and cockpit terminology. 





LEADERS of the 4 ! re F. S. 
BONNEY : 


M. G. BEARD, c! 





SHERATON MOUNT-ROYAL 





102 SAE JOURNAL 








CONWAY DC-8 ENGINE, resting on a 
ra i] - assemt r lisassen bly unit 
tour ~f the F 





SILENCER AND THRUST REVERSER was discussed by 
F. E. DAVIS (r chairmar Mf the joint A-4/-7 
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Rambling 


Through The Sections 


WITH THE ADVENT OF HIGH TENSILE STEELS, larger tires, and the 
high horsepower turbo charged diesel engines, the Earthmover development 
consolidated into various sized rugged end dump trucks, engineered specifically 
for the grades and speed of worldwide operations, Darrell L. Bryan of K-W Dart 
Truck Co. told KANSAS CITY SECTION as he reviewed engineering progress 
in off-highway trucks over the past century at the Section’s September meeting 


Climbing 
aboard the 
KW-Dart 100 
ton, 700 hp 
earthm over 
at the Kansas 
City Section 
meeting are 
(left to right): 
Dwright' Be- 
dell of Kansas 
City Chamber 
of Commerce 
Section 
Chairman Al- 
len H. Corbet 
and guest 
speaker Dar- 
rel L. Bryan. 





Truck mod- 
els from the 
1903 dart 
Truck (at 
right) to mod- 
ern highway 
trucks were 
displayed at 
the Kansas 
City Section 
meeting which 
included a 
tour of KW- 
Dart opera- 
tions 





INCREASED EFFICIENCY of a gas 
turbine depends upon operation at 
higher temperatures, but the turbine’s 
life is shortened by operation at higher 
temperatures, A. H. Carameros of El 
Paso Natural Gas Co. stated at SOUTH 
TEXAS GROUP September 26. 

New materials which will permit the 
turbine to withstand higher tempera- 
tures have been made available, but 
they are costly. The material used for 
the buckets and design of the bucket 
are important factors in improving ef- 
ficiency. Thus, the selection of a gas 
turbine as a prime mover becomes a 
question of economics, where first cost 
and life of the turbine have to be bal- 
anced. 


T.E.LL. FUELS have become more 
critical in recent years due to the 
spread between laboratory octane fuel 
ratings and actual road requirements, 
Gilbert Way of Ethyl Corp., told SALT 
LAKE CITY GROUP September 26. 

Ever increasing compression ratios 
show a larger difference between lab- 
oratory octane numbers and road re- 
quirement numbers or commercial 
numbers, due mainly to manufacturing 
tolerances and variations which exist 
in individual engines. It, therefore, is 
critical, and oil companies are studying 
the problems of providing a broad 
range in a fuel to handle the stated 
variables. 


A NATURAL CANDIDATE FOR 
NUCLEAR ENERGY or power, Hawaii 
is without any known source of fuel 
within its borders and is a long dis- 
tance from sources of fuel, Lewis Leng- 
nick of Hawaiian Electric Co., pointed 
out at HAWAII SECTION Septem- 
ber 27. 

With the aid of proposed Nuclear 
Power Plants, as well as oil burning 
plants, the Hawaiian Electric Co. plans 
to have a generating capacity of 850,- 
000 kilowatts by 1970. Their present 
capacity is 400,000 kilowatts. 


SAE JOURNAL 











The LEVACAR, Ford’s wheel-less ve- 
hicle that slides on air a fraction of an 
inch above guiding rails, was discussed 
by David J. Jay and Frank J. Gillespie, 
both of Ford Motor Co. at NORTH- 
WEST SECTION on September 26 and 
at NORTHERN CALIFORNIA SEC- 
TION on September 28. Jay is pic- 
tured (above) with a model of the 
Levacar Mach l. 


MODERN HIGH HORSEPOWER 
automobile, truck and marine engines 
with automatic transmission and 
torque converter drives have soothed 
the average driver to the point that 
he is almost oblivious to the condition 
of the ignition or spark plug equipment 
on his engine. Surveys conducted by 
Champion Spark Plug Co. indicate that 
a high percentage of modern cngines 
are being operated with some form of 
malfunction. In many cases, the 
driver is completely unaware of this 
condition until the engine fails to start 
or performance is so bad that the engine 
stalls, Ross E. Neilson of Champion 
Spark Plug Co. told TEXAS GULF 
COAST SECTION September 19. 





Section Chairman L. P. Graff (eft) 
discusses spark plugs with Ross E. 
Neilson of Champion Spark Plug Co. 
at Texas Gulf Coast Section’s Septem- 
ber meeting. 
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The SPEEDOSTAT, a speed-control 


device developed by Perfect Circle 


Corp. which is available on many 1961 
cars as optional equipment, was ex- 
plained to members of CINCINNATI 
SECTION by Past SAE President Ralph 
Teetor, formerly president of perfect 
Circle, on September 26 when the sec- 
tion members toured the company’s re- 
search laboratories. 


ONE OF CANADA’S LATEST tech- 
nological developments, the two-mil- 
lion dollar pool type Atomic Reactor at 
McMaster University provides neu- 
trons, gamma rays and radioactive iso- 
topes for research in nuclear science, 
physical and biological sciences, and 
engineering and medicine on the Mc- 
Master campus. The reactor was 
toured by members of ONTARIO SEC- 
TION September 21. 





Section Chairman Carl S. Ryan (left) 
presents a certificate to Past Chairman 
Robert W. Hogan for his services dur- 
ing the past year at a recent meeting 
of METROPOLITAN SECTION. 


NINETY-EIGHT VEHICLES have 
been operating 18 hr a day on a work 
week that varies from six to seven 
days, during the American Association 
of State Highway Officials Road Test 
which was conducted in Ottawa, II1., 
W. Emmitt Chastain, Sr., of Illinois 
Division of Highways, told ST. LOUIS 
SECTION October 11. 

At the beginning of October, the ve- 
hicles had traveled sufficient distance 
to subject each test section of pave- 
ment to 950,000 axle loadings. By No- 
vember 30, when the test was com- 
pleted, each section had _ 1,100,000 
loadings (100,000 more than the origi- 
nal test goal). The test facility had 836 
sections of test pavement constructed 
in six loops of two lanes each. In order 
to evaluate roadways for all size vehi- 
cles, the test equipment varied from 
units which have 2,000 lb single axle 
loads to those with 48,000 lb tandem 
axle loads. 





Section Meetings 


DETROIT 

December 12 ...H. O. Flynn 
and A. C. Mair, Chevrolet Mo- 
tor Div., GMC, and John L. 
Hooven, Ford Motor Co. 
“Compact Trucks.” Rackham 
Educational Memorial. Din- 
ner 6:30. Meeting 8:00. Din- 
ner speaker: J. A. Krippel, Wm. 
J. Burns Detective Agency. 


FORT WAYNE 

December 14... Dr. Charles 
Lipson, professor University 
of Michigan. “Product Reli- 
ability.”” Hobby Ranch House, 
Anthony at Crescent St. Din- 
ner 6:30. Meeting 8:00. 


METROPOLITAN 
December 15... Raymond W. 
Young, general manager, 


Reaction Motors Div., Thiokol 
Chemical Corp. “Rockets.” 
Henry Hudson Hotel, 57th St. 
near 9th Ave. Meeting 7:45. 
December 22... B. F. Ben- 
nett, General Electric Co. 
“Electric Cars.” Roger Smith 
Hotel, Lexington Ave. & 47th 
St. Luncheon 12:00 noon. 


ST. LOUIS 

December 13 .. . Parts & Ac- 
cessories Show, Congress Hotel, 
Union Ave. at Pershing. 8:00. 


SAN DIEGO 

December 17 . . . New Car Dis- 
play and Fashion Show. Kona 
Kai, Shelter Island. Lunch- 
eon 1:00. Meeting 3:30. 


SYRACUSE 

December 6 . . . SAE President 
H. E. Chesebrough. “Valiant.” 
New Process Gear Div., Chrys- 
ler Corp., Town Line Road, E. 
Syracuse. Dinner 6:30. Meet- 
ing 7:30. 


TEXAS 

December 8 . . . Admiral L. B. 
Richardson, USNR, executive 
vice president for engineering, 
General Dynamics Co. “En- 
gineering Management.’’ 
Ridglea Country Club, Ft. 
Worth. Dinner 7:30. Meeting 
8:30. 


WASHINGTON 

December 15 .. . Bob Birk- 
quist, director of research, Na- 
tional Automobile Dealers As- 
sociation. Technical Report 
on Design Changes in New 
Cars for 1961—What and 
Why.” Officers Mess, Naval 
Weapons Plant, Washington. 
Dinner 6:30. Meeting 8:00. 
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SAE at 


University of Washington 


TUDENT INTEREST in SAE at the 

University of Washington was first 
stimulated through the efforts of SAE 
Northwest Section in 1950. The con- 
tinued interest and growth of the 
Branch during the past ten years has 
also been encouraged by Section con- 
tribution, and still closer liaison be- 
tween the Branch and Section is 
planned for the future. 

The Northwest Section has been and 
continues to be helpful to the Branch 
by: 


1. Supplying speakers for student 
meetings. 

2. Subsidizing students at Section 
meetings. 

3. Inviting students to conduct one 
of the regular monthly meetings during 
which time a student or faculty advisor 
speaks. 

4. Suggesting possible field trips. 

5. Providing the students with SAE 
Handbooks and technical magazines. 

6. Including the Student Branch 
chairman as a member of the Section 





Aerial view of the University of Washington campus. 
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governing board and listing his name 
on the section letter head. 

For the future the Section is organiz- 
ing an employment survey to assist SAE 
Enrolled Students in finding part time 
or permanent employment in local in- 
dustries. 

The Branch’s monthly meetings in- 
clude speakers on technical subjects of 
the automotive, aircraft, and marine 
industries, plus speakers on better com- 
munication. Among the speakers they 
heard during the past year were: 1. 
Roy Schaaf of Shell Oil Co. who spoke 
on “The Effect of Fuels and Lubes on 
Engine Wear, and 2. Earl Peirce, for- 
merly of General Motors Research 
Staff who discussed “Job Requirements 
to be Expected by Graduating Engi- 
neers and Qualifications looked for by 
Employers.” 

In addition to attending Section 
meetings throughout the year, the Stu- 
dent Branch members conducted the 
January 1960 meeting of the Northwest 
Section. Ragner V. Hokanson, who is 
a student at the university after hav- 
ing been a truck fleet owner, spoke on 
“Performance Testing of Heavy Duty 
Trucks.” In the talk he evaluated data 
which was acquired by the Washington 
State Highway Department from a test 
which he participated in during the 
summer. 

Independent of Section activity or 
help, the Branch sponsors weekly mid- 
day movies, which are shown in the 
student lounge. These movies are on 
both technical and non-technical sub- 
jects, such as sporting events, auto and 
boat races, and travelogues. 

.The SAE Student Branch at the Uni- 
versity of Washington received its 
charter in the spring of 1951 after a 
year of successful club activity. Three 
Past Northwest Section Chairmen Mur- 
ray Aitkin of Dodge Truck Division, 
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Chrysler Corp.; Robert C. Norrie of 
Kenworth Motor Truck Corp.; and 
Edwin Johnston of Edison Vocational 
School were instrumental in generating 
the interest of students and faculty. 
The student club was organized by a 
group of mechanical engineering stu- 
dents, under the leadership of Don Ste- 
phens, who became the first student 
chairman. Through the efforts of Prof. 
B. T. McMinn, head of mechanical en- 
gineering department, the Branch re- 
ceived official approval. The details of 
organization were worked out through 
the joint efforts of Past Section Chair- 
man Paul Olson of General Petroleum 
Corp. and Prof. Michael Guidon III of 
the university’s mechanical engineering 
department. Prof. Guidon became fac- 
ulty advisor for the Student Branch. 


About the School 


The original site of the University of 
Washington campus was a ten acre 
tract of wilderness which is now the 
heart of downtown Seattle. The 
School, which opened in 1861 with 31 
students, was a backwoods school 
founded by pioneers determined to 
educate their children even in the 
wilderness. By the time the state of 
Washington entered the Union in 1889, 
however, the University was fully es- 
tablishe# as a higher educational insti- 
tution. 

Today the University, which is lo- 
cated along Lake Washington and Lake 
Union about six miles from the city 
center, is among the twelve largest 
state universities in the nation, with an 
enrollment of about 17,000 students. 
The College of Engineering includes 
some 2400 undergraduate and 400 grad- 
uate students. 

The University’s College of Engineer- 
ing offers degrees in eight areas of en- 
gineering: aeronautical, chemical, civil, 
electrical, general, mechanical, mineral, 
and nuclear engineering. In all these 
areas, research is an important part of 
the curricluum. In a typical year about 
75 research projects are developed in 
the College of Engineering. Approxi- 
mately 50% of the projects are spon- 
sored by the school’s Engineering Ex- 
periment Station. The EES projects 
are manned by part-time graduate re- 
search assistants, under faculty super- 
vision. The experiment Station pays 
the research assistants, and provides a 
subsidy for equipment and supplies. 

The Experiment Station also pub- 
lishes “The Trend in Engineering,” a 
quarterly journal of research, as well 
as occasional bulletins growing out of 
faculty supervised research. 

Among SAE members who are 
alumni of the University of Washing- 
ton are: Ralph H. Johnson of Cadillac 
Motor Car Division, General Motors 
Corp.; Ben F. Dotson of Boeing Air- 
craft Company; and Robert E. Johnson 
of Kenworth Motor Truck Company. 
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MICHAEL GUIDON Ii, 
associate professor of me- 
chanical engineering at 
the University of Wash- 
ington, is faculty advisor 
for the SAE Student 
Branch. 

Prof. Guidon graduated 
from Lehigh University in 
1942 and joined the Hyatt 
Roller Division of General 
Motors Corp. After serv- 
ing in the U. S. Merchant 
Marines as assistant en- 
gineer, he joined the fac- 


and Texas Oil Co. 
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ulty at the University of Washington in 1946. 

He has obtained industrial experience by working 
summers for a number of companies including: Beth- 
lehem Steel Co.; Pratt & Whitney Aircraft Co.; So- 
cony Vacuum Co.; Carter Carburetor Co.; and Boeing 
Airplane Co. He has attended summer schools at 
American Bosch Arma Corp.; Carter Carburetor Co.; 
Electric Autolite Co.; Perfect Circle Piston Ring Co.; 


In addition to serving as SAE Faculty Advisor, he 
is also on the SAE Northwest Section Governing 
Board as student coordinator, and is a member of the 
Student Activities Committee of the SAE Sections 
Board. He has spoken at student sponsored North- 
west Section meetings, and at the student activities’ 
conference at 1960 SAE Annual Meeting. 
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The University’s recently constructed general engineering building. 
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Cc. J. LIVINGSTONE has been ap- 
pointed an associate director of re- 
search, in charge of product research, 
development and testing at Gulf Re- 
search & Development Co. Formerly 
he was director of product application. 


JOHN C. GUENTHER has been ap- 
pointed director of advertising and 
sales promotion of the Plymouth-De- 
Soto-Valiant Division, Chrysler Corp. 
Prior to this appointment, Guenther 
was working on special assignments 
under B. W. Bogan, vice president. 


DANIEL M. ADAMS has been named 
assistant chief engineer with respon- 
sibility for current production of Cadil- 
lac Motor Car Division, General Motors 
Corp. He was formerly staff engineer 
in charge of body and sheet metal for 
Cadillac Division. 

CARL A. RASMUSSEN, assistant 
chief engineer, has added responsibility 
for future development, Cadillac Motor 
Car Division, GMC. 


HAROLD H. WARDEN, formerly 
manager of commercial transport sales 
for Lockheed Aircraft Corp., Georgia 
Division, has been named to the newly 
created post of sales manager for 
Pacific Airmotive Corp.’s Burbank Air- 
craft Division and PacAero Engineer- 
ing Corp., a Pacific Airmotive Subsidi- 
ary. 





Livingstone Guenther 
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IRWIN A. BINDER has returned to 
Thompson-Ramo-Wooldridge, Inc. as 
vice-president —main plant opera- 
tions, for the Automotive Divisions. 
For the past three years he has been 
serving as vice president, manufactur- 
ing, for the company’s Ramo-Wool- 
dridge Division in Los Angeles and 
Denver, where he established and di- 
rected manufacturing operations. 


JOSEPH A. CIPOLLA has been ap- 
pointed western military requirements 
representative for Tapco Group, 
Thompson-Ramo-Wooldridge, Inc. He 
had been senior systems engineer in 
Tapco West Coast Engineering. 


JEROME D. RADER, previously de- 
sign engineer for Boeing Airplane Co., 
has joined The Springday Co. as plant 
engineer. 


WILLARD W. BROWN has been 
made vice-president-bearing group at 
Clevite Corp. He was formerly presi- 
dent of Cleveland Graphite Bronze, 
Division Clevite Corp. 


ROBERT M. CONKLIN has been ap- 
pointed to the newly created position 
of vice-president of research and en- 
gineering for the Bowling Division of 
The Brunswick-Balke-Collender Co. 
He was formerly assistant manager of 
mechanical engineering department at 
Battelle Memorial Institute. 





GEORGE W. ROMNEY, president 
and chairman of American Motors 
Corp., was one of six business execu- 
tives named to receive the first annual 
Eastman Achievement Award. 


PAUL E. FRIEND has been ap- 
pointed production sales manager of 
Bendix-Westinghouse Automotive Air 
Brake Co. He was formerly regional 
manager of Bendix-Westinghouse’s 
sales activities in the eastern section 
of the country. 

RICHARD W. ADAMSON replaces 
Friend as regional manager in the 
East. He was staff assistant to the 
sales manager of Bendix-Westinghouse 
Automotive Air Brake Co. 


ROBERT G. HARDIN has been made 
sales engineer of Gulf Oil Corp. For- 
merly he was administrative assistant 
for the company. 


continued on page 110 
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Co n S U | ta n ts For over 15 years Houdaille hes been building custom designed hydraulic 
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: rotary actuators for exacting military requirements. More recently this 
= experience has been applied to special units for commercial use, a few 
: of which are illustrated below. To bring the superior performance and 

higher operating pressures of the famous Houdaille Rotary Actuator to 


IF YOU DE- the greatest possible number of commercial users, Houdaille now pre- 
sents the HydRoAc, offered in a complete range of standard units with 
SIRE to do consult- custom quality performance. 


ing work, the SAE 
CONSULTANTS 
bulletin will place 
your qualifications 
before the proper 
authorities in over 
1000 companies. 
Members who were 
listed in the 1960 
bulletin need to take 





no action at this A total of 150,000 
e ° in./lbs. of output 
time. They will This rod positioner for an atomic reactor torque at 3000 psi. is required from this 
- was built by Houdaille to give 3000 in./Ibs. Houdaille Rotary Actuator used by an air- 
hear directly from of torque at 1000 psi. frame manufacturer for test equipment. 


the Placement Serv- . sande veneer 
ice about their con- 
tinuance. 


This program 
provides leads you 
would not otherwise 
have and is a not-to- 
be-missed opportu- 





nity. 
- ° 4 Houdaille Hydraulic Rotary Actuator oper- Houdaille Hydraulic Rotary Actuator for 
W es t e S A E ates at 2000 psi. to move giant radar antenna spinner plow operates at 1500 psi., provides 
with 137,000 in./lIbs. of output torque. output torque of 8400 in./Ibs. 


Placement Service, 
485 Lexington Ave- 
nue, New York 17, 
N. Y. The CLOS- 
ING DATE for the 
1961 issue is DE- 
CEMBER 31, 1960. 


I 
| Send this coupon for more Memes 
information on Houdaille’s 
| HydRoAc line, which offers a 
torque outputs from 1500 to Address 
741,000 inch pounds at oper- 
| ating pressures ranging 
from 250 to 3000 psi. City Zone State 
i 


i 
oudaille B ... Specialists in rotary type 
ndustries, Inc hydraulic equipment 
5 * 


Buffalo Hydraulics Division ¢ 544 E. Delavan Avenue, Buffalo 11, New York 
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KENNETH B. OWINGS, formerly 
associated with the Briggs Filtration 
Co. as project engineer, has been 
named manager, engineering of Spray 
Products Corp. 


LEONARD W. OKON, has been ap- 
pointed technical director of McCollis- 
ter Grease & Oil Corp. Formerly he 
was manager of sales technical service 
for Kerr-McGee Oil Industries. 

Okon is vice-chairman of fuels and 
lubricants for SAE Mid-Continent Sec- 
tion and has served on SAE Fuels and 
Lubricants Technical Committee. 


DONALD A. POTTER, general man- 
ager of Electronics Division of Stewart- 
Warner Corp., has been elected a vice- 
president of the company. 


RICHARD C. HENSHAW has been 
appointed vice-president, operations at 
Lord Mfg. Co. He was formerly man- 
ager of engineering and manager of 
operations of the company. 


JOHN L. WILKES has joined P. R. 
Mallory & Co., Inc. as assistant to the 
president. Formerly he was assistant 
to the executive vice-president of Ohio 
Injector Co. 


wz? 
COOLING 


= 


RADIATORS 


Over 30 years of specialization 
and engineering research have 
produced a radiator and core 
proved dependable under all 
conditions. 


ALL-COPPER CORES and TUBES 


double-lock seamed give greater 


We Tuvite 


INQUIRIES 
ON 


strength and eliminate danger 
of rusting 


l-piece upper-and-lower-tank 
brass stampings for POSITIVE 


PROTECTION FROM LEAKAGE 


Complete Radiators 
FOR ALL 
INDUSTRIAL 
APPLICATIONS 


AND VIBRATION . 


Large tube area for EFFICIENT 
COOLING IN ALL WEATHER, all 
driving conditions . 


GUARANTEED 
against defects in materials and 
workmanship. 


WRITE TODAY FOR DETAILS 


NUE ebdlalbas Manufacturing Co. 


2901-17 INDIANA AVE. 


CHICAGO 16, ILLINOIS 


DR. C. STARK DRAPER, head of 
department of aeronautical and astro- 
nautical engineering and director of 
instrumentation laboratory at Massa- 
chusetts Institute of Technology, re- 
ceived the Howard N. Potts Medal of 
the Franklin Institute, October 19. 

The medal citation reads: “In con- 
sideration of his substantial and sig- 
nificant contributions to the science of 
inertial navigation, which have re- 
sulted in outstanding advances in the 
accuracy of navigation below and on 
the surface of the ocean, through the 
air and into space.” 


R. A. McCARROLL, who has been 
general manager, engine plants, nas 
been assigned to staff responsibilities 
within the Power Train Group for 
Chrysler. 

FRED OSANN has been made gen- 
eral manager of parts and equipment 
manufacturing plants for the re-organ- 
ized Power Train Group of Chrysler 
Corp. He had been general manager 
of the company’s Parts Division. 

A. O. MALONEY, who has been 
plant manager at Chrysler’s Lynch 
Road plant, was named plant manager 
at their Highland Park plant, also with 
the newly organized Power Train 
Group. 


Potter 


Henshaw 


continued on page 113 
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FOUNDREZ High Hot Strength 
7100 Series Resin High Baked Strength 
moe: | st as 
CO-RELEES | oy MI] 13S in 
, it | a Broad Baking Range 
7900 Series Excellent Workability 
— TM UIE to sn 
FOUNDREZ | growces MV) [DUS 
7500 Series Resin Low Gas 
ee 
Oil & 
COROVIT <a SELF _ al ay ve Controlled Curing 
REIGATE STOR ae ct 


For further information regarding any of these materials, write our Foundry Products Division at White Plains 


an 
Creative Chemistry... RY a eas 


Your Partner in Progress SS o FO U N D RY PRO D U CTs 


FOUNDREZ Synthetic Resin Binders COROVIT Self-Curing Binders coRCiment Core Oils 
CO-RELEES Sand Conditioning Agent REICOTE Sand Coating Agent 
REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 
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SPICHR INTRODUCES 
NEW /TRANSMISSION! 


Extra-Heavy-Duty 8000 Series 
Direct on oth 


= is the extra-heavy-duty transmission 
that truck fleet operators have demanded! 
The new Spicer 8000 Series 5-speed trans- 
mission is the largest capacity direct-on-fifth 
transmission on the market. It is designed 
primarily to complement big diesel engines. 


With the new 8000 Series Spicer transmis- 
sion, top vehicle speed is obtained in direct 
drive. Ratios of the new transmission are 
spaced so that they are functionally split or 
compounded with ratios of 2- and 3-speed 
axles and 3- and 4-speed auxiliary transmis- 
sions. Spicer 14” 2-plate and 154%” 2-plate 
clutches are matched to work at top efficiency 
with this new 8000 Series unit. 


Ratios in the standard 8052 (iron case) and 8054 (aluminum 
case) and the optional 8052-A and 8054-A are: 


STANDARD MODELS OPTIONAL MODELS 


RaNos 9082 end 0054 $083-A end 0054-A For complete information on the new 


Spicer 8000 Series transmissions, 
Ist 7.30 to 5.68 to write to Dana Corporation, Toledo 1, 
2nd 4.54 to 3.13 to Ohio. 
3rd 2.75 to 1 1.71 to 
4th 1.65 to 1 1.29 to 
5th 1.00 to 1 (direct) 1.00 to 1 (direct) 
Reverse 7.00 to 1 5.47 to 1 
NOTE: The 8031 ond 8035 Series Spicer auxiliary transmissions have been aug- 


mented by a new underdrive ratio of 1.19 to | to better complement the 
ratios of the new Series 8000 direct-on-fifth transmissions. 


SERVING TRANSPORTATION— Transmissions « Auxiliaries 


CoRPOR ATION Universal Joints «Clutches Propeller Shafts « Power Take-Offs 


Torque Converters « Axles « Powr-Lok Differentials e Gear 
Toledo 1, Ohio Boxes Forgings » Stampings « Frames « Railway Drives 


Many of these products are manufactured in Canada by Hayes Steel Products Limited, Merritton, Ontario 
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SAE Members 


continued from page 111 


WALTER F. BENNING, a former 
Toledo and Allentown, Pa., automotive 
engineer, is charged by the U. S. with 
getting some 220 small and medium in- 
dustrial plants into successful operation 
in the Republic of Korea. 

Since 1954 when the UN and U. S. 
began giving aid to the Republic of 
Korea to build up their industrial 
production, more than 200 industrial 
projects have been instituted through 
U. S. loans to private enterprise. 

In the fall of 1957 when machinery 
began pouring in for industries never 
before operated in Korea, the director 
of U. S. aid program in Korea called 
Benning who was completing four 
years in Iran establishing the success- 
ful operation of industrial plants. 
Since Benning arrived in Korea, early 
in 1958, more than 100 of Korea’s new 
industrial plants have been completed, 
ranging from the processing of fish oil 
to making electronic equipment or ball 
bearings. His “sick” list of completed 
plants is down to 16. 

Benning feels that the problem of 
obtaining skilled personnel to help es- 
tablish industry in underdeveloped 
countrys might be solved by the estab- 
lishment of a pool of highly skilled, 
adventurous “young old men” who have 
retired but would still enjoy going 
places on short assignments. 


LT. COL. SIDNEY G. 
mer'y pretroleum officer, Strategic Air 
Command, USAF, retired November 1 
He has returned to Joseph Dixon Cru- 
cib’e Co., Jersey City, N. J 


HARRIS, for- 


JOHN S. YOUNG has become project 
engineer of Mack Truck’s research de- 
partment. Formerly re was research 
engineer for North American Aviation 

- Rocketdyne. 


THOMAS J. MADDEN, formerly as- 
sistant resident engineer, is now resi- 
dent engineer for Radio Corp. of Amer- 
ica. 


FRANCIS T. McGUIRE has been ap- 
pointed director-implement manufac- 
ture at Deere & Co. He was manager 
of John Deere Harvester Works, Sub- 
sidiary of Deere & Co. 


WILLIAM P. PANNY has been ap- 
pointed vice-president of Pioneer En- 
g.neering & Mfg. Co., Inc. Formerly 
he was assistant chief engineer on light 
and medium-duty trucks of the com- 
pany. In 1958, he received “The Out- 
standing Young Engineer of the Year 
Award” from the Engineering Society 
of Detroit. 


TOBI GOLDOFTAS has become edi- 
tor for Industrial Publishing Corp 
Formerly he was senior project engi- 
neer for J. I. Case Co. 

Goldoftas is an assistant 
SAE’s Student-Gram. 


editor of 
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GENE F. RIEGLER has been ap- 
pointed materials laboratory supervisor 
for Chrysler Corp.’s Engine Division. 
Formerly he was a member of the En- 
gine Division staff as contact engineer 
"-_ i 


W. GORDON JARVIS has been 
named manager of manufacturing for 
Hydreco Division of New York Air 
Brake Co. He had been manager of 
quality control department. 


M. PERRY HUNTER, JR. has been 
named technical sales advisor for Un- 
ion Carbide Consumer Products Co., 
Division of Union Carbide Corp. Pre- 
viously he served the company as sales 
representative for “Prestone” anti- 
freeze. 


NORMAN SHIDLE, editor of SAE 
Journal, has been re-elected to serve a 
3-year term as a Trustee of Engineer- 
ing Index, ending in June, 1963. 


JOHN L. BATES has become general 
manager at Canfield Oil Co., Subsidiary 
of The Standard Oil Co. He was in- 
dustrial engineer for the company. 


WALTER F. STREHLOW has been 
named senior consulting engineer for 
the tractor group at Allis-Chalmers 
Mfg. Co. He had been chief engineer 
at West Allis tractor works. He is a 
past director of SAE. 
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ALUMINUM ¢ COPPER « BRASS | 
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COMPANY 


6545 EPWORTH BLVD.. 


DETROIT 10, MICHIGAN 
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Three, but they are easily mistaken for six when set on 
edge and mirrowed in the bright Molding Quality Finish 
on Armco 17 Stainless Strip. 

This high-luster finish is economical for automotive 
trim because it is a mill finish. Armco 17 (Type 430) 
Stainless Steel is first rolled to precise thickness on a 
Sendzimir mill, then bright-annealed to retain as-rolled 
luster. In final tempering, special rolls impart the unique 
mirror-like qualities of Armco’s Molding Quality Finish. 


Luster retained in forming 
? 

With normal precautions, Armco Molding Quality Fin- 
ish holds its bright luster through forming operations. 
This minimizes costly buffing. In addition, economical 
Armco 17 Stainless is easy to color-match with other 
trim materials. 

Price and delivery information are readily available 
from your nearest Armco Sales Office. If you’d like more 


information on economical Armco Stainless Steel, just 
fill in and mail the coupon. 





ee eee ee ee ee | 
ARMCO STEEL CORPORATION 
| 1120 Curtis Street, Middletown, Ohio | 
| | 
| Please send more information on Armco 17 Stainless. | 
| | 
| a ee ——— 
| | 
| Firm seipeabieabciky ated nadia ial ‘i peeia | 
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ARMCO STEEL 


Armco Division + Sheffield Division * The National Supply Company + Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation * Union Wire Rope Corporation 
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SAE Members 
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WALKER G. DOLLMEYER, former 
vice-president and director of Solar 
Aircraft Co., has been named to the 
newly created position of vice-presi- 
dent of operations for the Stratford 
plant of AVCO Corp.’s Lycoming Divi- 
sion. 


H. H. WHITE has been appointed 
general sales manager of General Steel 
Tank Co., Inc. White was vice-presi- 
dent in charge of sales at Standard 
Steel Works. 


GEORGE A. ZINK, formerly direc- 
tor of process development Defense 
Systems Division, General Motors 
Corp., has been appointed an executive 
engineer of the company. 


JAMES V. BRADY, formerly a de- 
signer for Caterpillar Tractor Co., is 
now a designer for Mack Trucks, Inc. 


Obituaries 


BENJAMIN N. ASHTON ... (M ’49) 

retired president and director, 

Electrol, Inc. .. . died August 17... 
born 1904 


EDWARD H. BREWITT ... (M °43) 

. vice-president and sales manager, 
Gardner Supply Co... . died July 7 
born 1908. 


EAMES DONALDSON ... (M’ 46) 
. sales manager, Magna Driver Corp. 


. died August 22 ... born 1897. 
E. H. JANES ...(M’ 17) ... retired 
died June 22... born 1875. 


EDWARD H. LEWIS ... (M’ 49) 
. vice-president — engineering and 


development, Stubnitz Greene Corp. 
. . died October 4... born 1897. 
HENRI PERROT... (M ’24)... 
construction engineer ... died Sep- 
tember 22 ... born 1883. 
OTIS M. STOVER... (M ’52)... 


senior engineer, Ford Motor Co. ... 


died September 5... born 1923. 

W. L. TOMLINSON ... (M’58)... 
manager of automotive sales, Pitts- 
burgh Plate Glass Co. .. . died Sep- 
tember 30... born 1907. 

OLIVER M. TWIST... (M’ 52)... 


head checker, Caterpillar Tractor Co. 
. died June 26... born 1922. 


EARL R. WILSON, SR... . (M ’41) 
. senior project engineer, Chevrolet 

Motor Division, General Motors Corp. 
. died September 7... born 1899. 


ALBERT L. WURTZ... 
motor vehicles superintendent, 
Telephone Co. of Pennsylvania .. 
July 26... born 1897. 


(M ’30) ... 
Bell 
. died 
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matoar far nredictinge combhiustion prop- 


ROBERT ROY MADSON has be- 
come senior project engineer at Fair- 
child Engine and Airplane Co. (classi- 
fied). Formerly he was transmission 
engineer at Rockwell-Standard Corp. 


DAVID D. CARLEY is a teaching as- 
sistant and is taking graduate courses 
at the University of Florida. He is on 
leave of absence from General Motors 
Corp. where he is project engineer. 


ROY H. KETTLE has been ap- 
pointed engineer, designer “B” for Boe- 
ing Airplane Co. He was project engi- 
neer at Beckman & Whitley, Inc. 


ROBERT P. HENDRICHS has be- 
come plant manager, Central Foundry 
Division, General Motors Corp. He was 
sales manager, non-ferrous metals. 


HERMANN K. INTEMANN is now 
director of purchases at Union Carbide 
Corp. Formerly he was president, Un- 
ion Carbide Metals Co. 


ROBERT J. SCHRAMM is now lubri- 
cation engineer-sales technical service 
department at Standard Oil Co. of In- 
diana. Formerly he was chief sales 
engineer for Utah Oil Refining Co. 
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to speed up and cut costs of Assembly 


© SIMPLY PUSH ON plain rods, axles, studs or pins. 
¢ Eliminate Tapped Nuts, Threaded Parts, Cotter Pins, 
Drilling Holes, Annular Grooving. 


¢ Easy, fast assembly with manual tools or high speed air 


hammers. 
* Tight, vibration-proof grip. 


<t-- 
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WASHER CAP TYPE 


Style PW. Covers rod ends with smooth, 
rugged cap. Made of one-piece, heavy 
gauge spring steel with powerful gripping 
action. Always align perfectly. Various 
designs and finishes in sizes for +4”, \”", 
54,”, %”, %” and '4” dia. unthreaded 
rod, wire and studs. 





Style PC Style PK 
ACORN TYPE 
Pleasing, decorative appearance and 


strong spring grip for fastening or covering 
ends of rods, studs, pins, etc. 
open end styles. 
.312” dia. 


Closed and 


Sizes from .120” to 








ROUND FLAT TYPE 


Style PS. Low-cost, space-saving spring 
steel retainers push on plain rod or axle, 
providing strong, firm retention of parts, 
seated or unseated. Eliminate notching, 
grooving, drilling and ere pins. Sizes 


for a", if. Ws. 4s as Se 
and 14” dia. rod. 
Style PV. Light duty 


retainer with flexible 
spring gripping teeth 
for easy assembly with 
fingers. For rod dia. ! 


“" %” and? ,” 


"4 
a 
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ARCHED =~ ~, 
RECTANGULAR TYPE 7 

Style PH. Push on unthreaded studs to 
assure tight, vibration-proof assembly of 
ornaments, medallions, nameplates and 


other parts. Grip tight on hard chrome 
studs. 2 14”, %” and 





Sizes for 1%", 54”, 
14” dia. studs. 


Write for Free Samples and Data, stating type, size and application. 


hur 





tion engine fuel components 


District Office: 730 W. Eight Mile Rd., Detroit 20, Mich. 
LOCK NUTS and FASTENERS 


is un- 


THE PALNUT COMPANY 


DIVISION OF UNITED-CARR FASTENER CORPORATION 


70 Glen Road, Mountainside, N. J. 
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Tailoring Fuels 
For High Compression 


B. L. HURD, JR. 


ULL- and part-throttle knock, de- 

posit ignition, and spark-plug life 
are important in determining fuel com- 
position requirements for high com- 
pression engines. 

Studies conducted with two experi- 
mental 12/1 compression ratio engines 
and one 15/1 engine in normal cus- 
tomer service indicate that it is within 
the range of current refinery opera- 
tions to satisfy normal full-throttle 
octane requirements of 12/1 engines in 
the absence of deposit ignition. To 
satisfy a 15/1 engine, however, will 
require fuels considered exotic by to- 
day’s standards. Most cars are full- 
throttle limited below 9.75/1 compres- 
sion ratio, and part-throttle limited 
above it. This applies to cars adjusted 
to manufacturers’ specifications; many 


ae »_ 


continued from page 117 
zone. but the sensitivity of liner 


tem 


models with ratios over 9/1 are already 
de-tuned in the middle-throttle range. 


Deposit Ignition Control 
Control of deposit ignition is a ne- 
cessity in high compression engines if 
noise-free operation is to be had on 
fuels of reasonable octane number. 
Such control can be had in three ways 


with 12/1 engines in city-suburban 
driving — by using (1) fuels without 
metallic additives, (2) volatile paraf- 


finic leaded fuels and, (3) phosphorus 
compounds in full-boiling leaded fuels. 
Typical leaded fuels of 102 Research 
and 95 Motor octane rating with 0.5-0.8 
theories of phosphorus should be satis- 
factory. 

Plug fouling data showed that if it 
were not for phosphorus fuel additives, 
12/1 engines would be nearly impossible 
with conventional ignition systems and 
commercial-type fuels because of a 
tighter squeeze applied by fouling on 
the one side and preignition on the 
other. Limited data with the 15/1 en- 
gine indicated potentially severe foul- 
ing problems. Even with phosphorus 
fuels, spark-plug life may lessen as 
compression ratios rise. 

The study also made clear that it is 
the Research and Motor octane ratings 


of water needed to eliminate smoke. 
In these tests part of the water was in- 


and deposit forming characteristics of 
fuel components, not “surface ignition 
resistance,” that are important in com- 
pounding fuels for high compression 
engines. 


Mi To Order Paper No. 260B... 
from which material for this article was 
drawn, see p. 6. 


Hydrocarbon Structure 
Major Combustion Factor 


Donel R. Olson, Nelson T. Meckel, 
and R. D. Quillian, Jr. 


OLECULAR structure of the hy- 
drocarbons in fuel has an im- 
portant effect on compression-ignition 
combustion, recent Southern Research 
Institute studies show. 
Cetane number, the studies indicate, 
is usually the most important para- 





barometer of icing tendency 
cruise conditions, which involve: 


during 


meter for predicting combustion prop- 
erties regardless of fuel composition. 
And relative ignition delay periods can 
be predicted by cetane number. 

Relative rates of pressure rise and 
combustion pressures, however, de- 
pend on the combustion system and 
cannot be consistently predicted by 
cetane number. 

Other data obtained from the labora- 
tory engines used in these studies show 
that increasing the chain length of 
normal paraffins enhances combustion 
properties and that branching reduces 
ignition quality. 

An aromatic with a 3-carbon atom 
side chain is the most normal alkyl 
benzene, the tests indicate; also that 
branching of aromatic side chains 
usually causes poorer combustion prop- 
erties ... but that side group position 
also has an important effect. 

Various boiling ranges of aromatics 
and olefins, further test data indicate, 
have essentially similar effects on 
combustion at a given cetane level. 
Amy] nitrate is effective in improving 
combustion properties of compression- 
ignition engine fuels, regardless of 
aromatic or olefinic content. 

The relative ranking of combustion 
properties for most compression-igni- 


tion engine fuel components is un- 
changed over an intake air tempera- 
ture range of 150 F to0 F. Low intake 
air temperature has the same direc- 
tional effect on combustion properties 
as low compression ratios. 

Under optimum conditions, the stud- 


ies made apparent, large differences in 
cetane number or ignition quality can 
be tolerated. 


Mi To Order Paper No. 263A... 
from which material for this article was 
drawn, see p. 6. 


Aircraft Gas Turbine Combustors 
Can Be Designed Smoke-Free 


A. H. LEFEBVRE and T. DURRANT 


UEL INJECTOR DESIGN and the 
distribution of fuel and air through- 

out the combustion zone can be the best 
cure for exhaust smoke from aircraft 
gas turbines. The importance of fuel 
type can thus be minimized. 

Evidence obtained from combustion 
rig tests and on actual engines has con- 
firmed the advantages claimed for the 
lighter kerosenes in terms of reduced 


eal) 


“PISTON RINGS 


of the gasoline .. . or of the additives. 
Surface-active-type carburetor icing 


“SEALING RINGS 


attempted during 
period. 


the warmup 


smoke, easier ignition and higher com- 
bustion efficiency at extreme altitudes. 
These advantages could be very real on 
engines whose performance is limited 
by inadequate atomization of the fuel. 

However, the best cure for smoke lies 
in the design of the flame tube and 
fuel injector. Of particular importance 
is the primary zone fuel/air ratio 
which should be maintained as far as 
possible at or near the stoichiometric 
value. In this way not only is the level 
of exhaust smoke appreciably reduced, 
as compared with over-rich primary 

continued on page 118 








with apparatus arranged to hold con- 
stant those variables not under study. 





continued from page 117 
zone, but the sensitivity of liner tem- 
perature to fuel type is also very much 
less. 

Wet smoke, produced when water is 
injected into the engine to augment 
thrust, can be reduced by suitable de- 
sign. By introducing a small propor- 
tion of the total water flow into the 
combustor primary zone, in a finely 
atomized form, the level of exhaust 
smoke is reduced to much less than the 
dry value. 

Introduced in this manner, the water 
has a two-fold effect. First, by lower- 
ing flame temperature it reduces the 
amount of carbon produced. Second, 
through the mechanism of the water- 
gas reaction, a large proportion of this 
carbon combines with water to form 
carbon monoxide and hydrogen — both 
of which burn with smoke-free flames. 

Primary zone water injection can 
only be safely employed when the pri- 
mary zone fuel/air ratio is reasonably 
close to stoichiometric. In over-rich 
primary zones the flame temperature 
is already too low to withstand any fur- 
ther appreciable reduction without se- 
rious risk of flame extinction. 

In order to minimize this risk, a se- 
ries of tests was carried out with a view 
to establishing the minimum quantity 


of water needed to eliminate smoke. 
In these tests part of the water was in- 
troduced into the primary zone as a 
finely atomized spray, and the remain- 
der injected at a point downstream. 
Smoke measurements were carried out 
with various amounts of water supplied 
to each injection point, while main- 
taining the total water flow constant. 
They showed that less than one quarter 
of the total water need be introduced 
directly into the primary zone for 
smoke to be virtually eliminated. 


Wi To Order Paper No. 240C .. . 
from which material for this article was 
drawn, see. p. 6. 


Gasoline Icing 
Tendencies Studied 


n 


J. H. FREEMAN, JR. 


N a new apparatus for rating throttle- 

icing tendencies of gasoline, the 
time required to form appreciable 
amounts of throttle ice is a relative 


barometer of icing tendency during 
cruise conditions, which involve: 


@ Ice being already present. 

@ Throttle being only partially open. 

@ Fuel continuously evaporating in 
the throttle area. 


Tests using this apparatus —#in 
which gasoline is continuously metered 
upstream from the carburetor throttle- 
plate — evaluate gasoline and gasoline 
additives in terms of equivalent con- 
centrations of an alcohol mixture (9 
parts isopropanol and 1 part methanol) 
added to a base gasoline of known 
volatility characteristics. This means 
of expression provides a common de- 
nominator, because the behavior of 
isopropanol as a stall-inhibiting gaso- 
line additive under field conditions is 
rather well known. 

Recent studies indicate that — once 
ice crystals form — alcohol may have 
a deleterious effect on the tendency of 
a gasoline to form ice under cruising 
conditions (unless concentrations con- 
siderably above 1% are used). 

Gasolines and nonalcoholic additives 
often appear to appreciate in alcohol 
equivalency as the degree of ice forma- 
tion in the test increases. This effect 
is probably more properly a peculiarity 
of the alcohol reference fuels used than 


PHOSALLOY: 


continued from page 119 


best criterion for fluid selection ap- 
pears to be the wide difference in the 
exhaust vapor volumes. The volume of 





of the gasoline ... or of the additives. 

Surface-active-type carburetor icing 
inhibitors may be effective in resisting 
the tendency of a given gasoline to stall 
during warmup. They often exhibit 
characteristics, also, which should re- 
sist a tendency to form throttle ice 
under cruising conditions. 

The beneficial effects relative to al- 
cohols, however, for many surface-ac- 
tive-type additives under conditions of 
moderate humidity may disappear 
when the humidity becomes very high. 
The characteristics of the unknown 
additives should be judged only by 
means of actual test results. 

Tests using this new apparatus bear 
the same relationship to possible field 
tests that the ASTM-CFR Knock Test 
bears to road octane determination. 
In both cases, the use of reference 
fuels renders possible a rational evalu- 
ation of the test fuel properties. 

Whether or not a given gasoline will 
cause stalling during warmup depends 
on several factors, test results indi- 
cate. These factors include: 

@ The weather. 

@ Characteristics of the vehicle. 

@ Volatility of the gasoline. 

@ Presence of inhibiting additives in 

the gasoline. 

@ Whether or not engine idling is 


attempted during 
period. 


The first four of these factors also 
determine whether or not throttle icing 
at cruise will occur. 

Because of the wide variability and 
lack of definition associated with field 
conditions, tests of fuel characteristics 
in the laboratory must be conducted 


the warmup 


Choosing Liquid Metals for Space Power 


Based on paper by 


D. B. MACKAY 


Missile Division, North American Aviation, Inc. 
OME liquid metals possess properties 
desirable for working fluids in a 
space vehicle heat power cycle. Al- 
though no one fluid can be considered 
to be the optimum medium, each has 
peculiarities making it more adaptable 
to certain design criteria than another. 
For example mercury seems best 
suited for low temperatures, while 
rubidium, potassium, or sodium is in- 
dicated as higher temperatures are 
considered. The large vapor volume of 
these latter metals is likely to present 
design difficuties, but at temperatures 


. an exclusive feature of 


McQUAY- 
NORRIS 


Eiectric furnace phosalloy—a develop- 
ment of McCQUAY-NORRIS—is a superior 
metal created to give rings unusual tough- 
ness and tension retaining qualities. Rings 
made of phosalloy stand out because 


they stand up!.. 


. Our engineers will be 


glad to tell you more about it. Give us 


a ring. 


A BETTER METAL FOR BETTER RINGS 


McQUAY-NORRIS MANUFACTURING CO. 


ST. LOUIS 


© TORONTO 


with apparatus arranged to hold con- 
stant those variables not under study. 
The test, in other words, reflects but 
does not duplicate field conditions. So, 
interpretation of the data produced 
rests on engineering judgment. 


Mi To Order Paper No. 264B .. . 
from which material for this article was 
drawn, see p. 6. 


above 160 R this problem recedes and 
rubidium can be used to advantage. At 
still higher temperatures potassium 
and sodium can also be considered. 

The basis for selecting a working 
fluid may be established by comparing 
the following characteristics of the 
fluids: 


(a) Volume of exhaust vapor. 


(b) Vapor quality at the turbine ex- 
haust. 

(c) Vapor pressure 

(d) Available energy of the working 
fluid. 

(e) Effect of fluid on cycle thermal 
efficiency. 

(f) Effect of fluid on radiator size. 


When comparing liquid metals, the 
continued on page 120 
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vew DU RATOLOK 


REG. APPLIED FOR 


SELF-LOCKING FLUID COUPLING NUT 


Eliminate time and expense involved in safety wiring. 
The new Stratolok* self-locking fluid coupling nut 
assures positive locking and trouble-free sealed joints 


in critical applications. 


Stratoflex’s new Stratolok series of self-locking nuts is 
based on a 3-way mechanical displacement of 
threads. The Stratolok locking element permits free 
hand starting and insures that the lock is fully en- 
gaged before the nut is completely seated. When 


fully seated, the lock is retained. 


Stratolok nuts meet all locking performance require- 
ments of Specification MIL-N-25027. They are avail- 
able in a complete range of sizes and are reusable 
and completely interchangeable with existing AN and 
MS nuts. Stratolok “’S” series nuts, for temperatures 
up to 550°F, are Cadmium-plated steel; “CR” Series, 
for temperatures up to 800°F, are silver-plated stain- 
less steel. For complete information, write for Stratolok 


Bulletin $-8. 


*Formerly SPS Self-Locking Nut 


RENO LER 


P.O. Box 10398 Fort Worth, Texas nN 
Branch Plants: Hawthorne, Cal., Fort Wayne, Toronto 
in Canada: Stratoflex of Canada, Inc. 








SF5-0 


SALES OFFICES: 


Atlanta, Chicago 
Cleveland, Cayton 
Detroit, Fort Wayne 

Fort Worth, Hawthorne 
Houston, Kansas City 
Milwaukee, New York 
Orlando, Philadelphia 
Pittsburgh, San Diego 
San Francisco, Seattle 
Toronto, Tulsa 
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best criterion for fluid selection ap- 
pears to be the wide difference in the 
exhaust vapor volumes. The volume of 
mercury vapor, is much smaller than 
that of the other fluids considered and 
is approximately 1% of the volume of 
rubidium vapor. The exceptionally 
high volumes of cesium, potassium, 
and sodium eliminate these fluids from 
consideration in the temperature range 
now available. 

The metals considered here are 
chosen for their marked superiority 
over such working media as sulfur, 
aluminum bromide, and diphenyl, in 
the realm of increased cycle efficiency. 
For all the fluids considered the cycle 
thermal efficiencies are confined to an 
extremely narrow range and therefore 
the factor of efficiency cannot be used 
to decide between them. 

It has likewise been found that the 
size of the radiator, the only real sys- 
tem variable once the power output has 
been determined, is very little affected 
by using one or the other of these 
liquid metals. The other factors, which 
will permit the designer to asses the 
advantages and disadvantages of the 
fluids, have a greater effect on the de- 
sign than efficiency and radiator size. 

Considering the vapor quality leav- 
ing the turbine, it is found that at a 
turbine efficiency of 80%, over a tem- 
perature range of 1200-2600 R, the 
lowest quality achieved was 82%. This 
moisture content is slightly higher 
than desired, but it is not anticipated 
that this will present an unreasonable 
design problem. Mercury has the high- 
est quality, and progressive reductions 
are achieved with rubidium, cesium, 
potassium, and sodium. The change in 
vapor quality, over an inlet tempera- 
ture range of 1000 R, is less than 4% 
for rubidium and even smaller for 
mercury. 

From the standpoint of vapor pres- 
sure, sodium has the most desirable 
characteristics. The vapor pressure of 
mercury is 50-100 times that of rubi- 
dium, depending on the inlet tempera- 
ture. Low vapor pressure permits the 
use of lightweight pressure vessels and 
piping and may in this manner affect 
the choice of working fluid. 

In designing turbine nozzles and 
blades, it is necessary to know the 
energy theoretically available in the 
expanding vapor. Sodium has a con- 
siderably higher theoretically available 
energy than that of any other fluid — 
more than 10 times the amount avail- 
able in mercury, and more than four 
times that in rubidium. From a struc- 
tural standpoint, the turbine for fluids 
with higher values of available energy 
must either be designed with higher 
blade speeds or with an increased num- 
ber of stages. Fewer pounds of vapor 
would be circulated in the cycle per 
unit of power output when fluid with 
higher available energy is used. 


ME To Order Paper No. 234C .. . 
from which material for this article was 
drawn, see p. 6. 
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Naugatuck PARACRIL OZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 
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Great new advance In addition to color, PARACRIL OZO offers such advantages as 
n wi re ja - k et ru 5 dD er significantly superior ozone resistance 


excellent resistance to fuels, oils, and solvents 


Now you can give your wire and cable jacketing new resistance exceptional abrasion resistance 


to cuts and abrasion, superior resistance to attack by oils and high physical properties 
soivents, outstanding new resistance to weather and ozone good flame resistance 


and enjoy all the benefits of color, too 
Try new PARACRIL OZO. See why it offers makers and users of 
not only wire and cable jackets, but of rubber products by the 
Color code for fast, unerring identification color for smart, of only | pre y 
. 4 hundreds a host of valuable new selling possibilities. For more 
ttent cot t ; ; 
modern appearance to call attention o hide o add information, for samples, for technical assistance with a present 


or proposed application, contact your Naugatuck representative 
or the address below today. 


solid new sales appeal. Because PARACRIL” OZO takes and retains 


any color you desire, permanently 


Naugatuck Chemical 


Division of United States Rubber Company manutd Guineas 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber . Latices . CANADA: Naugatuck Chemicals Division, Dominion Rubber Co. Ltd. Elmira, Ontario CABLE: Rubexport, N.Y 
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Independent quadri/atera/ suspension 
by Mather about 300 B.C 


_ 


The suspension “techniques” applied to this and 
the conveyances illustrated in our preceding 





LET advertisements* can quite properly be termed 
“far fetched". But, even though somewhat 

M ivi a a R ridiculous, they are based on sound principles. 
For the past 50 years Mather has concentrated its 

s 0 LVE resources on the development and advancement 
of “ridability”’. So... if you have a problem or a 

4 ) iT b project and would like to take advantage of our 

we research, engineering and design facilities, please 

5 it S 4 a iY 5 | 8) N call CH 3-3201 or write, 

THe | O$MATHER 

THE MATHER SPRING COMPANY 
TO 0 TOLEDO, OHIO 







*/f you've enjoyed this low pressure series 
and would like reproductions (cartoons 
only) they're yours for the asking. 
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Stainless steel stri 
problems are solved at Allegheny 
Ludlum. Excellent forming characteristics, 
close gauge control, special analyses, color match- 
ing, and special finishes are only a few of the 
plusses A-L offers to solve your problems. 
Here ate some examples of A-L stainless 
strip made to solve individual problems: 
¢ Type 430 with low roping quality. 
¢ The economical 200 series . . . line 
free! And with increased ductility. 
¢ Type 430 with a bright mirror 
finish, free of gray streaks. 
© Type 302 with quality that en- 
ables a fabricator to form a cof- 
fee percolator in nine draws 
without an intervening anneal. 
Your individual needs will 
get the attention you want 
them to have at Allegheny 
Ludlum. Tell your A-L rep- 
resentative the end use, 
fabrication procedures, 
etc., for your strip. He will 
work with A-L metallur- 
gists, processing engineers, 
and technical men to give 
you the best stainless strip, 
custom made for your use. 
Allegheny Ludlum service 
in stainless strip is backed up 
by an outstanding record for 
on-time delivery. Large stocks 
of hot bands enable A-L to give 
you quick service on all stainless 
strip needs. And A-L finished 
stocks give you quick, even overnight, 
delivery on many gauges and analyses. 
For consistent temper, tolerances, and 
finish in stainless steel strip, call your 
Allegheny Ludlum salesman, or write: 
Allegheny Ludlum Steel Corp., Oliver 
Bldg., Pittsburgh 22, Pennsylvania. 
Ad 


ress Department SA-12 2576 


ALLEGHENY LUDLUM 


EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 
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Anocut process 





proved 
truer running 
easier on tires 


Proved over millions of ton miles, 
the Kelsey-Hayes three-piece 

truck wheel provides more uniform 
tire bead support and uniform 
stress distribution which reduces 
rim fatigue! It is quieter and 
smoother running. And our unique 
lock ring construction affords 
fool-proof “blow-off’’ protection. 


os 


Component dimensional accuracy 
held to closest tolerances in the 
industry (here being checked in 
our lab) and advanced wide-base 
design are reasons why it is 
becoming the preferred design for 
commercial vehicles. Millions 

are now in service. Kelsey-Hayes 
Company, General Offices: 
Detroit, Michigan. 


KELSEY 
HAYES 
COMPANY 


World’s largest producer of automotive wheels! 


18 PLANTS: 1 

Los Angele >, 

Pennsyleania 

and Utica, New York; Davenport 
Windsor, Ontario, Canada 
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Anocut process 
Grinds Electrolytically 


rt hy 


L. A. WILLIAMS 
o£ ring Co 


HE ANOCUT PROCESS is similar 

to electroplating in reverse. In con- 
ventional electroplating, material is re- 
moved from the anode and transferred 
through the fluid to the workpiece. 
Anocutting treats the workpiece as 
though it were the anode, taking ma- 
terial away from it. 

In one of the forms of the process, a 
rotating metallic wheel, similar to a 
conventional grinding cup wheel, is 
used. The revolving spindle has slip 
rings and brushes to carry a heavy 
d-c current to the wheel. The work- 
piece is mechanically or manually held 
against the rotating wheel and a salt 
water solution is generously applied to 
act as a conductive electrolyte. 

“Abrasive” particles which project 
from the wheel face act as insulating 
spacers. These particles, often dia- 
monds in a metallic matrix, carry the 
mechanical load of the work which is 
forced against them. The metallic 
matrix acts as the electrode but no 
material is deposited because the con- 
tinuously filtered, conductive solution 
carries them away. Feeding is either 
manual or at a predetermined rate, 
mechanically. 

The rate of metal removal is a func- 
tion of the amperage of the power sup- 
ply. A 300-amp supply will remove 
0.030 cu in. per min. A recently com- 
pleted 10,000-amp supply removed 1 
cu in. per min. 

In one application, the grinder is 
used to sharpen tungsten carbide 
tipped face mill bits. The cut is made 
to full depth in one pass, the bits be- 
ing mounted on a revolving table. This 
installation replaced three conventional 
surface grinders. 

Another application features full 
width grinding of the leading edges of 
gas turbine blades. Approximately 100 
cu in. of metal are removed in 25 sec. 

The process generates no heat — nor 
does it alter the base material struc- 
ture in any manner. Surface hard- 
ness is neither increased or decreased. 
The material hardness does not affect 
the cutting rate. 

A variation of the process is the 
cavity sinking machine. Here there is 
no rotation, merely a mechanical ad- 
vance of an electrode shaped like the 
desired cut. The electrode may con- 
sist of a hollow copper tube, the out- 
side of which is insulated to prevent 
reaction between the exterior surface 
of the cathode and the bore being 
produced. All cutting is confined to 
the tip of the tube, which is steadily 
fed into the work. Under normal con- 
ditions the electrode does not wear. 
Passages bring in fresh coolant under 


continued on page 127 
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The “0” Ring you 
use is more than 
a seal... It’s a part 
of the quality of 
your product. 


The quality of Precision “O” Rings protects the quality and 
performance standards you set for your product. They add 
to the reliability of your product in use... help preserve 
your reputation as a manufacturer of a reliable product. 

Precision “O” Rings give you assurance, for their quality 
is maintained by over 100 inspections and quality control 
tests. They meet all military and commercial specifications. 
If it’s a Precision “O” Ring, it’s Precision-made! 

There is no substitute for reliability. Write, wire or phone 
for data sheets on “O” rings or for the help of a Precision 
Sales Engineer today. 


RC meaty 
CC ¢ ©” Ring and Dyna-seal Specialists 


3110 Oakridge Drive, Dayton 17, Ohio Canadian plant at: Ste. Thérése de Blainville, Québec 
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The hardenability of an alloy steel is 
usually measured by the depth to 
which the steel will harden under 
specific conditions of heating and 
cooling. One of the most conclusive 
methods of determining depth hard- 
ness is the end-quench hardenability 
test (ASTM A255). In essence, this 
test is as follows: 

A 1-in. round specimen, approxi- 
mately 4 in. long, is heated uni- 
formly to the proper quenching 
temperature. The specimen is re- 
moved from the furnace and placed 
in a bracket; then a jet of water at 
room temperature is played on the 
bottom face of the specimen without 
touching the sides. This water jet is 
kept active until the entire speci- 
men has cooled. Longitudinal flat 
areas are ground on opposite sides 
of the piece, and Rockwell C 
readings are taken at 1/16-in. inter- 
vals. The resulting data are plotted 
on graph paper, with the Rockwell 
C values as ordinates and distances 
from the quenched end as abscissae. 

Experiments have shown that the 
points on the hardenability curve 
approximate the cooling rates at the 


centers of quenched rounds of vari- 


KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with basic 
facts about alloy steels. Though much of the information is 
elementary, we believe it will be of interest to many who may 
find it useful to review fundamentals from time to time. 


Determining the Depth-Hardness of Alloy Steels 


ous sizes; and that the hardness 
values at the centers of these rounds 
will correspond very closely with 
those shown at points on the end- 
quench hardenability curve. 

In general it may be said that when 
end-quench curves for different steels 
approximately coincide, these steels 
can be treated similarly for equiva- 
lent tensile properties in sections of 
the same size. 

A study of hardenability curves 
reveals that depth-hardness depends 
upon the amount of carbon present, 
the alloy content, and the grain 
size. Manganese, chromium, and 
molybdenum are the chief elements 
that promote depth-hardness, while 
nickel and silicon help to a lesser 
degree. It should be noted, also, that 
phosphorus promotes depth-hard- 
ness, while sulphur has a negative 
effect. In normal low-phosphorus 
and low-sulphur steels, the two 


elements neutralize each other. 


This series of alloy steel advertise- 
ments is now available as a compact 
booklet, ‘“‘Quick Facts about Alloy 
Steels.’’ If you would like a free copy, 
please address your request to Publi- 
cations Department, Bethlehem Steel 
Company, Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 2 
Export Sales: Bethlehem Steel Export Corporation 

port t t port I t alas 

BETHLEHEM STEEL Beus 
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continued from page 125 
controlled pressure and permit the dis- 
charge of electrolytic and metallic par- 
ticles. An over-out of approximately 
0.002 in. per side is typical. Penetra- 


tion rates of 0.250—0.800 in. per min are 
typical. 
A typical application was the cutting 


of an ingot consisting of 85% tungsten 
and 15% molybdenum, which reputably 
had required over one-hundred hack 
saw blades per cut when conventionally 
processed. The Anocut process was 


said to have cut through the ingot at 
the rate of 0.250 in. per min. PROGRESSIVE ENGINEERING AND 


Serving on the Production Forum 
panel at which this discussion was QUALITY MANUFACTURE, PLUS THE 


en Se — SS RO Se ee oe BACKING OF ESTABLISHED WORLD-WIDE 


liams, the following: Gordon Swarden- 
ski, Caterpilar Tractor Co., chairman; SERVICE, MAKE CONTINENTAL—NOW, 
R. C. Kolb, Caterpillar Tractor Co.; 
Harry Mason, Kelsey-Hayes Corp.; R. MORE TRULY THAN EVER BEFORE— 
S. Hildreth, Michigan Tool Co.; and 8S. 
K. Rudorf, A. 0. Smith Corp. FIRST NAME IN UTILITY PLANE POWER 
(This article is based on a report 
from one of nine production panels on 
farm, construction, and industrial ma- 
chinery subjects. All nine are avail- 
able as a package as SP-332. See or- 
der blank on p. 6.) 


After engine dependability, the most important thing to consider in choosing an 
airplane is the service behind it —the facilities maintained by its makers to keep 
it in the air at lowest cost. And here, as on the basic score of engine stamina, 
planes with Continental power rate uniformly high . . . Owners of such aircraft 
are sure of finding genuine Continental parts and competent mechanics the 
world over . . . They benefit in other ways, too, from Continental’s policy of 
Starting Engines backing those who build and those who use Continental-powered products. 


In -65 F Temperatures 


26 MODELS—65 TO 310 HORSEPOWER 


ROBERT SHAW le : f . RPM CYL WIT* OCTANE 
. : 2300 4 73 
2575 4 80/87 
3 2750 80/87 
RDNANCE techniques for solving , es reser eames 2700 = 
problems of vehicle operation in 0-300-C, D....... 3200 80/8 
: : : : s 2600 80/87 
arctic and subarctic cold (temperatures 80/87 
down to —76 F have been recorded) are 91/96 
dictated by three requirements: 80/87 
1. Ether cannot be used as starting 80/87 
aid. 91/96 
2. Vehicles must be capable of being 91/96 
started and run at temperatures down 100/130 
to —25 F without external aids other 10-470-H 100/130 
than standard engine attachments such ee 80/87 
as priming devices and manifold or .- 10-470-N...... 100/130 
airbox flame heaters. : 7 re TSIO-470-B 100/130 
3. Vehicles must be capable of be- een. 6 G10-470-A 100/130 
ing started and run in a -25 to -65 F =i) a *All weights approximate 
range with the use of a winterization y : . 
kit. 


AMAAMA*AAMMAAMAAMAAD Ss 


No Substitute for Heat 
The only positive solution to cold 


starting, Ordnance has found, is to - My 
apply heat to the critical components. (a : ontinenta/ 
And to accomplish this, two techniques ; Chib eS 
have been developed — standby heat nA hi PL 

Standby heat employs a heater in 
continuous operation during the 
standby period to maintain engine and 
battery temperatures at a level for in- 
stant starting. Quick heat allows the 

continued on page 128 
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To avoid copper and brass cleaning problems 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE « OVER 250 SERVICE MEN « OVER 160 MATERIALS 


. 
4 


Electroclean copper and its alloys 
with speed—without tarnish 


Oakite 191 gives fast, thorough action in electrocleaning 
brass and other copper alloys .. . simultaneously protecting 
against tarnish especially in reverse current tanks. Speeds 
removal of shop soils, smuts, light buffing compounds... 
provides an effective, non-tarnishing pre-soak for heavily 
contaminated parts. 

But that’s not all! It tolerates chromic acid drag-in . . . has 
high conductivity for efficient use of power . .. works well in 
hard water... rinses freely... has long life . . . no objection- 
able odor... won’t form precipitate or water-break marks 
on the work. 

Oakite 191 is one of a complete line of materials for 
cleaning any metal—even the problem ones. Ask the Oakite 
man. Or send for Bulletin F-9355. Oakite Products, Inc., 
26 Rector Street, New York 6, N. Y. 


it PAYS to ask Oakite 


cial 
Avears’ leadership in industrial cleaning 


continued from page 127 

vehicle temperature to drop as low as 
the existing ambient. When the ve- 
hicle is to be operated, sufficient heat is 
applied to raise engine and battery 
temperatures to a level insuring re- 
liable starting. This may take as long 
as 1 hr, consequently, quick heat tech- 
niques cannot be used where instant 
operation is wanted. 

The standby heat technique uses a 
fuel-fired, coolant-type heater, which 
produces enough heat to compensate 
for losses in the low-ambient tempera- 
ture range. Heat is transferred directly 
to the engine coolant. The warm cool- 
ant is circulated through the engine 
and battery heat exchanger and re- 
turned to the heater. Hot exhaust 
gases from the heater are ducted to 
the engine crankcase to heat the en- 
gine oil. An aquastat senses the engine 
coolant temperature and cycles the 
heater from high-heat to low-heat 
output, depending on the coolant tem- 
perature. Using the thermosiphon 
principle rather than a pump reduces 
cost, maintenance, and current drain 
on the battery. 


Quick Heat Technique 


A fuel-fired, fresh-air heater is used 
with the quick heat technique. Fresh 
hot air from the heater is directed to 
the engine intake manifold, engine 
sides, and the insulated battery box, 
in most instances. Hot exhaust gases 
from the heater are ducted to an en- 
gine oil pan shroud to heat the oil. 
Where accommodation for hot air ducts 
is limited, a flat-plate type, electric 
heating unit in the oil pan has been 
most effective. Whenever the combi- 
nation electric and hot air principle is 
used, an auxiliary engine generator is 
included to satisfy the electrical re- 
quirements. Moreover, when electrical 
heating is utilized, the hot air may be 
provided by the auxiliary generator in- 
stead of a separate fresh air heater. 
Thermastatic controls are used to pre- 
vent overheating and possible damage 
to the battery by the hot air. 

Compression-ignition engines require 
something more than enough heat and 
cranking power to start them in am- 
bient temperatures below -25 F. Un- 
less heat is applied after starting, they 
will not idle on all cylinders for ex- 
tended periods in the lower tempera- 
ture ranges. Here, the most effective 
aids have been found to be: 


@ Application of hot air to engine, 
engine compartment, and batteries. 

@ Engine compartment grille covers 
to retain heat. 

@ Manifold flame heaters to heat in- 
duction air. 

@ Electrical heating of the engine 
oil. 

@ Insulated battery boxes. 

@ Control of main engine cooling 
fans to restrict airflow within the en- 
gine compartment. 


MH To Order Paper No. 251B ... 
from which material for this article was 
drawn, see p. 6. 
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BETTER GEARS by making mountains out of molehills 


thorougly qualified for high level perform- 


This optical comparator is doing just that. 
The threads on the pinion in the foreground 
are magnified 31.25 times on the calibrated 
screen for intensely accurate inspection. 


This is one of many details of gear manu- 
facture and inspection that have won Double 
Diamond gears their reputation as gears 


EATON 


ance in any application for which you buy 
them. 


Our sales representatives are engineers and 
gear designers—ready to tackle a gear assign- 
ment at any stage of its development. When 
may one call on you? Just write or phone. 


AUTOMOTIVE GEAR DIVISION 


MANUFACTURING COMPANY 


RICHMOND, INDIANA 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 
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CLUTCH RELEASE 
BEARINGS 


AETNA BALL AND ROLLER BEARING COMPANY | 4600 SCHUBERT Ave. 


DIVISION OF PARKERSBURG-AETNA CORPORATION | CHICAGO 33, ILL. 


ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 
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New Members Qualified 


These applicants qualified for admis- 
sion to the Society between October 10, 
1960 and October 22, 1960. Grades of 
membership are: (M) Member; (A) 
Associate; (J) Junior. 












Atlanta Section: Loy] R. Thomas (M). Montreal Section: Marius Paquin (J). EY 









* all 








Central Hlinois Section: Marion J. Northern California Section: George C. 
Witzenburg (M). Donovan (M), John H. Goard (A), 
Ronald Ear] Sorenson (J). 


VELLUMOID 
ELLUMOID’S 


GROWING LIST 
OF 
GASKET MATERIALS 


.- IN TREATED FIBRE 
Vellumoid, 444 Fibre, 
Vellutex, Velcovex 


... IN BEATER—ADD 
WG-1, WG-5, WG-25, 
Velbestos 250 (asbestos) 


... IN COMPRESSED ASBESTOS § 
Velbestos 170-1, 170-5, 


130-B, 140-B, 170-48 


- IN BUNA-N AND 
THIOKOL COATED 
GASKETS AND 
GASKET MATERIALS 
Bucar, Tycar, 
Coated Vellumoid 


- IN OTHER NON-METALLIC 
MATERIALS 

















Chicago Section: James Robert Clarke 

(M), Roy A. Decker (M), William Har- 

rison Fetridge (M), George W. Folland Ontario Section: William Malcolm (A), 
(M), Leonard T. Johanson (J), Allan C.M. Roberts (A). 

F. Kubista (A), Gus L. Poulos (J). 


? Oregon Section: William Lloyd Reiers- 
Cincinnati Section: Walter M. Posin-  paard (J). 
gies (J). 





Cleveland Section: Ralph C. Axsom Philadelphia Section: George E. Wat- 


(M), Richard G. Gebhardt (M), Robert, S0n (A). 
A. Horvath (J). 






Rockford-Beloit Section: Laurence G. 
Dayton Section: Chris Fred Keller, Jr. Olson (A). 
(J), Zane R. Oaks (J). 






Southern California Section: Jesse A. 
Detroit Section: Theodore L. Bayless poneywell (J), Percy W. Mestman 
(J), Karl Douglas Burdick (J), Harry (yy) Richard A. Sigerist (J). 
H. Fetters (M), R. E. Hergenroether 
(A), Earnest A. Lucitte, Sr. (M), John 


E. Morton (J), Reino H. Mustonen (M), 
Richard Harry Tarske (M). Southern New England Section: Ralph 


L. Kalp (M). 


Fort Wayne Section: Robert Gordon 
Nelson (J). Texas Gulf Coast Section: Don H. Mor- 
rison (J). 


Hawaii Section: Tatsuo Nakashima 

(M). Twin City Section: Fred C. de Castro 
(J), Richard Harold Lytle (J). 

WRITE TODAY! 


Indiana Section: James B. Starr (M). 
Virginia Section: James E. Atkins (A). 


Kansas City Section: Clyde C. Engert 

(M). 

Outside Section Territory: Dale Fran- 
cis Buller (J), Richard Loran Day (J), 
C. R. Goodman (J), William Alexander 


I i Ss ion: ay 
Metropolitan Section: Joel Raymond Hewitt (M), James D. Wormley (M). 


Bumpus (J), Marcy B. Fannon (M), 
Albert E. Lyons (M). 











THE 
VELLUMOID COMPANY 


Foreign: Willem Fredrik DeVries (A), 4 with 
Milwaukee Section: John Alvin Cahoon Holland; Flaviano Moscarini (M), 
(J), John R. Dwyer, Jr. (J), David H. Italy; Sermsingh Pramoja (M), Thai- 


Stieber (M). land; Nalin H. Shah (M), India. 


Associate . 
EWEY AND ALM 
CHEMICAL DIVISION 
w. R. GRACE & co. 


WORCESTER 6, MASSACHUSETTS 


Applications Received 


see page 132 
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Applications Received 


The applications for membership re- ~* 


ceived between October 


10, 1960 and 


October 22, 1960 are listed below. 





British Columbia Section: William 


Alexander Taylor 


Buffalo Section: Robert John Haver, 
Kenneth Franklin Lingg 


Chicago Section: Kenneth S. Cherry, 





John D. Olson, Jr., 
ski 


Eugene M. Poplaw- 
Cincinnati Section: Ernest Hugh Brad- 
ley 


Cleveland Section: Edmund William 
Greenwald, Gordon F. Somers 


Carn 
| Tanger t | 


PAYLOAD POWER 


with Rockford Spring-Loaded Clutches 


ROCKFORD 
SPRING-LOADED 
CLUTCH 





; 
a 
i 
ROCKFORD CLUTCH DIVISION 
316 CATHERINE ST. 
ROCKFORD, ILLINOIS 
132 





Positive, full-motion driving 
power with cushioned starts and 
controllability .. . this is how 
Rockford Clutches deliver today’s 
payloads. More and more 
fleetmen are now specifying 
Rockford Clutches for their new 
trucks and for replacement on 
their present equipment. These 
men know that extra mileage, 
minimum maintenance and 
maximum power mean higher fleet 
profits. For complete details 

on clutches for payload power, 
write today. 


_ CLUTCHES 


BORG-WARNER 


Oe PPE 


Export Sales 
Borg-Warner International 
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Detroit Section: Werner Kurt Baum- 
gartner, Robert Francis Dillon, William 
C. Holdman, Eugene Donald Konrek, 
Jerry Martin Kovarik, Milton A. 
Kraska, John W. Lovett, Jr., Venu G. 
Menen, Robert Frederick Mettler, Dan 
A. Montgomery, John McLay Murray, 
Robert Hanson Plew, Edward Hyram 
Roberts, Albert Frederick Schmaltz, 
Thaddeus J. Staniewicz, Mark J. Stur- 
tevant, Charles E. Sweet, Jr. 


Fort Wayne Section: Vernon I. McCul- 
lough 


Indiana Section: Donald R. Vance 


Metropolitan Section: J. Paul Cho, 


Charles Stuart Hale 


Mid-Michigan Section: Robert  L. 
Houser, Frank W. Huxtable, Glenn A. 
Schautz, Fred O. Schulte 


Milwaukee Section: Charley Kademian 


Mohawk-Hudson Section: John Ed- 


ward Mulkins 


Montreal Section: Edward Victor Wad- 
dington 


New England Section: Frederick Daniel 
Rugg, Charles Richard Kimball 


Northern California Section: George 
Arthur Gianandrea, Albert L. Ludwig 


Northwest Section: Douglas Ear! Miller, 
Maynard Lyman Pennell 


Philadelphia Section: Harry John Hen- 


rich, Paul Peter Merkel, Jr., Donald N. 
Meyers 
Pittsburgh Section: Robert George 


Frank, Howard H. Nuernberger 
Rockford-Beloit Section: Fred R. Fago 


St. Louis Section: Thomas Dale Bell 
Clarence Delmar Hicks 


Southern New England Section: Harry 
T. Burgess, Thomas D. Lawton, Karl 
Wilhelm Maier, Frank S. Weldin 

Twin City Section: Merlin E. Harden 
Wichita: Harold N. Wantiez 

Outside Section Territory: Roger How- 
ard Hansen, Mark W. Lechtenberg, 
Joseph W. Liggett 


Aus- 
Bel- 


Foreign: Michael Alan Cordner, 
tralia; Edward Joseph Coucke, 
gium; K. Harilal, India 


San Diego Section: Arthur H. Pabor 
Southern California Section: Abdel 
Rahmen Bayoun, Larry Lee Brookhart, 


Bo Nilsson Hoffstrom, Philip Daniel 
Lohmann, A. Jack LaTorre 
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TEU CRM TERE 
means in MORSE 


EN 


The timing chain in your car is most likely built by 
Morse. Practically all American and Canadian auto- 
motive engineers specify this make. These men know 
from experience that with Morse precision-built timing 
chain they get 40% less elongation than with any other 
make. That means more accurate engine timing for 
thousands of miles beyond normal engine life expectancy. 


To accomplish this higher durability, Morse chain 
design uses bar-link construction on every other pitch. 
Locked linkage of this type prevents chain from stretch- 
ing in spite of wear. Improved materials and the latest 
statistical control of metallurgical processes supplement 
the bar-link advantages to insure split-second timing 
for thousands of additional miles. 
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Reasons like these explain why engine builders cannot 
buy a quieter, more dependable timing chain anywhere 
else in the world. For further information on the chain 
that cuts elongation 40% write: Morse Chain Company, 
Dept. 12-120, Detroit, Michigan; or Ithaca, N.Y. Export 
Sales: Borg-Warner International, Chicago 3, Ill. In 
Canada: Morse Chain of Canada, Ltd., Simcoe, Ont. 


ni 


T.M. 


A BORG-WARNER INDUSTRY 














LANETARY 


OUBLE 


EDUCTION 
AXLES 


SAVE WEIGHT 
LAST LONGER 
REDUCE MAINTENANCE 


on 
tae 


Because Eaton PDR Axles weigh less (size for size) 
than conventional herringbone or spur gear axles, 
PDR-equipped trucks haul more legal payload. 


® FIRST REDUCTION Two exclusive Eaton design features contribute to 
in bevel gears materially longer axle life: Gear tooth loads are dis- 
*. SECOND REDUCTION tributed over four rugged “planet” gears, reducing 
in planetary gears stress and wear; the Eaton forced-flow lubricating 


system provides positive lubrication to ail moving 
parts, even at slowest vehicle speeds. 


Eaton PDR Axles have established outstanding per- 
formance records in all types of heavy-duty oper- 
ation. By actual comparison, they cost less to buy, 
less to maintain. 


Simple construction—similar to the famous Eaton 
2-Speed Axle which is familiar to all truck servicemen 
—holds maintenance cost to a minimum. Repair parts 
are readily available—many of them interchangeable 
with other Eaton Axles. 





More than 
Two Million Eaton Axles 
in Trucks Today 





AXLE DIVISION —————__ 
MANUFACTURING COMPANY 
CLEVELAND 10, OHIO 








EAT 
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HERE'S ALL you po! Unscrew the two fittings that join the 
Purolator GF-11 Filter to the fuel line. Throw away the 
dirty filter. Fasten in the replacement. Now you're ready 
for 5,000 miles of efficient, trouble-free fuel filtration. Total 
time involved? Less than 5 minutes. 


MOTORS RUN SMOOTHER... Because this Micronic® filter 
removes dirt, metal, rust, scale and gum...even micro- 
scopic particles down to 5 microns. 

ADAPTABLE TO ALL GASOLINE ENGINES. Purolator fuel filters 
like the GF-11 shown above, are standard equipment on 
most 1960 cars. However, it can be incorporated into the 
fuel system of almost any gasoline engine — automotive, 
portable or marine. 

MORE ADVANTAGES. Easy installation and replacement is a 
big reason for the popularity of the Purolator GF-11 Fuel 
Filter. But here are more: 


Filtration 
for Every 
Known Fluid 
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MILLIONS OF HOURS 





we 


*PEAK EFFICIENCY. Because Purolator replacement filters 
are inexpensive, and easily installed, chances are they'll be 
replaced at proper intervals — and always work at peak 
efficiency. 

° LONGER SERVICE LIFE. Because of the special pleated con- 
struction of the filtering unit, the GF-11 has fully 70 square 
inches of filtering surface. It operates longer at peak 
efficiency. 

*COMPACTNESS. The GF-11 measures about 3” by 1%”. It 
can be installed either horizontally or vertically. 


°vERSATILITY. The GF-11 Filter can be installed as an 
O. E. M. item on practically any gasoline-engine — from 
sport cars and garden tractors to power mowers and 
midget racers. 

For complete information on the GF-11 and other Purolator 
filters, write to Purolator Products, Inc., Department 3849, 
Rahway, New Jersey. 


PUROLATOR 


PRODUCTS, INC. 


Rahway, New Jersey, and Toronto, Ontario, Canada 
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a fel-pro gasket 









progress report 


Seepage problems resulting from improper fit, or oils or mild solv@ 
improper resistance to fluids can##e $Olved by the excep- high-performancej 
tional dimensional stability, conformability and sealing such as: Push Romi etc., on both diesel and gasoline 
capacity of FEL-CoPRENE, Fel-Pro’§ new special formula engines. The exceptional resilience of FEL-CoPRENE 
rubber compound. Problems of siz@ ¢hange or breakage gives it better conf@rmability for irregular surfaces par- 
that often occur with conventional materials are elimi- ticularly common t@ stampings. 

nated. FEL-CoPRENE fits right every time—even after : 
months of storage. Actually cost$ fess to use because 
it eliminates costly returns, needless replacements and 
installation problems. 


ms. FEL-CoPRENE is the low-cost, 
oice for many other applications 


Information concerning production samples and com- 
plete technical data is available on request. Send us 
your specificationg and requirements for recommenda- 
tions and advantageous quotes. 









a complete engineering service to 
feeds. Write for a copy of our com- 
| selector catalog. Felt Products 
cCormick Blvd., Skokie, Illinois. 


19932 Livernois Avenue 
UNiversity 2-3522 


kets 


gasket specialists 
since 1918, 


FEL-CoPRENE has greater resistance to high pressure FEL-PRO maintaig 
and temperatures—will not stick or tear even after pro- supply your gask 
longed high temperature operation—comes off cleanly plete gasket ma 
and in one piece, and FEL-Co- PRENE is not affected by Mfg. Co., 7450 


In Detroit: 














R-940D 
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MILLIONS OF HOURS 
40 
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AiResearch 


ted 
Bats 
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Com perp apm 










Cabin 














1946 1947 1948 1949 1950 1951 1952 1953. 1954 1955 1956 1957 1958 1959 1960 





















AiResearch cabin air compressors have proved their sibility in the field of cabin pressurization and air 









reliability and durability with more than 15 years conditioning for the world’s finest propeller, turbo- 
of dependable operation on propeller, turboprop prop and jet airliners and military aircraft. 

and jet transports. These compressors, integrated This extensive experience in compact, reliable, 
into complete air conditioning and pressurization highspeed rotating equipment (49,000 rpm) is now 
systems, give superior performance, assured by the being adapted to new fields such as freon compressors 
company s unmatched experience in developing utilized in ground air conditioning for both commer- 
compatible systems. cial and military applications. 






AiResearch has assumed complete system respon- Please direct inquiries to AiResearch, Los Angeles. 





THE CORP OM ATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 






Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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silence, 
please... 





No rattles, no squeaks, no wind noises in this 
car window. 

That’s the kind of silence you install with Schlegel 
woven pile liner. 

This thick pile runs uniform through the length of 
the glass channel. It smothers noises before they 
start. 

It’s a resilient pile. It hugs the surface of the glass 
tightly—but not so tightly that it restricts window 
movement. 

It’s a protective pile. It effectively seals out dust, 
wind and moisture. 

And it’s a permanent pile. Each individual strand 
of pile yarn is interlocked with the woven fabric 
backing. Thousands of opening and closing actions 
will not affect this pile. Schlegel pile is a natural seal 
designed to retain its consistency under all conditions. 

Silence? Of course. With proper resilience, density 
and pile height, a Schlegel woven pile will satisfy the 


most critical design engineer—but, most of all, dealer Sehlege! . 


and customer satisfaction is assured. 





Glass moves friction-free, wet or dry, in this glass run channel 
with Schlegel woven pile liner. 





Like to instal] silence in your automobile windows? SERVING THE AUTOMOTIVE INDUSTRY 
Specify Schlegel woven pile in your glass run chan- . 
nels and weatherstripping. They’ve been used in the SCHLEGEL MANUFACTURING COMPANY 
quieter cars for decades. 1555 Jefferson Rd., Rochester 23, N.Y. In Canada, Oakville, Ont. 
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Reduce your assembled costs J_ 





Research and Development at Work 
Acid clawed! Drenched in a witch’s brew! Seared for hours MIDLAND “ROSS oa 


in cauldrons of metal-devouring acids. Fantastic laboratory 


RNS E 
CORPORATION au 
tests designed to engineer more safety into every Midland 


"ER 
, OWOSSO DIVISION uy OWOSSO, MICHIGAN 
Brake System. ONE OF THE “400” LARGEST AMERICAN CORPORATIONS 


AIR : 5 AIR VACUUM 
BRAKES Cl 


3 DIE CONSOLIDATED 
CONTROLS POWER BRAKES CASTINGS 


TRANSPORTATION EQUIPMENT 


ANALYTIC “BLOODHOUND” SNIFFS OUT SECRETS 





Reduce your assembled costs 
with news 
Spring-Flow 4 
packaging 


... more efficient 
handling, storing, 
sorting, orienting, 
feeding, placing 

of springs for 
installation 






° 
Zz 
& 
a 
r 


o 















To production planners, Spring-Flow packaging opens 
up a world of possibilities for assembling A.S.C.-made 
springs, small stampings, and wire forms into your prod 
ucts easier and faster. It solves many problems caused 
by intricate shapes, tangling, loss by spoilage; maintains 
critical tolerances, uniform quality; simplifies inventory 
control and storage. 


To learn how Spring-Flow may solve 
your problem, contact the nearest 
A.S.C. Division, or write for Spring- 
Flow booklet giving additional 
information. 


6004 


Associated Spring Corporation General Offices: Bristol, Connecticut 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. Raymond Manufacturing Division, Corry, Penna. B-G-R Division, Plymouth and Ann Arbor, Mich. 
F. N. Manross and Sons Division, Bristol, Conn. Ohio Division, Dayton, Ohio Gibson Division, Mattoon, Ill. 

Dunbar Brothers Division, Bristol, Conn. Cleveland Sales Office, Cleveland, Ohio Milwaukee Division, Milwaukee, Wis. 

Wallace Barnes Steel Division, Bristol, Conn. Chicago Sales Office, Chicago, Ill. Seaboard Pacific Division, Gardena, Calif. 


Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R. 
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How to desion SALES ° 


BRAKES | COMPRESSORS CONTROLS POWER BRAKES CASTINGS TRANSPORTATION CQUIPMENT 


ANALYTIC “BLOODHOUND” SNIFFS OUT SECRETS 
OF BEARING CORROSION 


WE USE THIS HYPERSENSITIVE 
DEVICE TO TRACK DOWN 

ENGINE BEARING CORROSION TO 
ITS SOURCE. This instrument needs 


only a minute fragment of metal for 
accurate analysis. Consequently, engine 
bearing corrosion can be traced from 
its beginning through complete destruc- 
tion of the bearing surface. Because test 
variables are minimized, Federal- 
Mogul engineers can accurately relate 
degree of corrosion to specific engine 
operating conditions. This analytical 
tool is in continual use in our labora- 
tory, assisting research on many differ- 
ent projects. Prevention of corrosion 
and development of new bearing alloys 
are high on the list! 





SUCCESSFUL BEARING PERFORMANCE 


depends on selecting the proper alloy for 
the operating conditions to be met. Federal- 
Mogul engineers have had years of experi- 
ence with bearings and applications of all 
kinds . . . and this wealth of knowledge is 
available to bearings users. This is one reason 
why F-M sleeve bearings, precision thrust 
washers, formed bushings, and low-cost 





spacers are chosen for use in virtually every- 
thing from baby buggies to 


heavy sndustrial cranes. There’s much valuable data in our Design Guides on sleeve bearings, thrust washers and bushings; 


and in our brochure on spacers. For your copies, write Federal-Mogul Division, Federal-Mogul-Bower 
Bearings, Inc., 11035 Shoemaker, Detroit 13, Michigan. 





tT) TEL ss DIVISION OF 
yeaig —— FEDERAL-MOGUL-BOWER 
RMR BEARINGS, INC. 
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' DOWER into Your Produrte 






How to design SALES © 


Why 


i 


_3 
re 





SALES POINTS... 


“The complete acceptance of International engines by our 
biggest users is a wonderful sales asset.’’,—W. T. LARSEN, 
Sales Manager, The Conveyor Co. 


Men who sell the Mobil Sweeper line are convinced of 
the profit-building, sales-clinching advantages of 
International engines. Here’s how Mr. Larsen puts 
it: “We are able to show sanitation departments and 
government agencies many examples of years of 
trouble-free performance and economical operation 
of IH engines on Mobil Sweepers. This acceptance is 
world-wide. Our customers in Iran, South Africa, Japan 
—anywhere in the free world—know that engine service 
help is only a few hours away!” 

Smart salesmen know that most customers back up 
an engine choice with years of experience. And years 
of experience, as reported by users from coast to coast, 
prove the value of International Power in heavy-duty 
equipment. 
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THE CONVEYOR CO. 


ENGINEERING ADVANTAGES... 


“We specified International equipment because of its excellent repu- 
tation and ready acceptance by our customers.”—W. E. SAXE, 
President and Chief Engineer, The Conveyor Co., Los Angeles, Calif. 


Here’s another successful manufacturer who has a strong 
preference for International Power: “During the early design 
and testing stages we had the help of International’s engi- 
neering staff for installation problems or proper application 
of power; says Mr. Saxe. “Our latest model features a com- 
pact, space-saving IH Model UC-60 engine mounted in the 
rear to power the sweeper mechanism. This is a simple instal- 
lation, easy to service and repair? 

International’s wide range of power sizes, with features for 
extreme adaptability in every size, presents a choice to 
match most power requirements. A conscientious engineer 
considers parts and service coverage, ease of maintenance, 
and reputation of the manufacturer as well as engineering 
advantages. With International, you can design sales power 
and superior engineering into your product. 
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- POWER into Your Products 


specifies INTERNATIONAL POWER... 





CUSTOMER ACCEPTANCE... 


“Our city equipment must be efficient, safe, dependable and 
long-lasting. |H-powered Mobil Sweepers meet these re- 
quirements.” —R. G. BARHITE, Director of Public Works, 
City of Downey, Calif. 


“Our first Mobil Sweeper proved itself in 34,000 
sweeping miles, as have other Mobil Sweepers in 
neighboring towns; reports Mr. Barhite, shown at right 
with Street Superintendent Mel Harldson. “Our new 
model, also with International power, is doing an ex- 
cellent job!” 

International’s three-way advantage of wide power 
selection, complete parts and service coverage, and 
long, trouble-free service life creates a product pref- 
erence that today’s sales-conscious engineer demands. 
Find out today how sales power can be built into your 
products. Call or write to International Harvester Co., 
Engine Sales Dept., Construction Equipment Division, 
Melrose Park, III. 
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International UB-264 gasoline engine delivers 111 hp @ 
2,800 rpm, provides perfect power for the Mobil Sweeper shown 
at left. There are 35 carbureted and diesel engines in the Inter- 
national line— 16.8 to 385 max. hp. 


International Harvester Co., 
180 North Michigan Ave., Chicago 1, Ill. 
A COMPLETE POWER PACKAGE 
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PICK A TERMINAL \ANY AMP TERMINAL 


") 


$i 











Teeth-jarring circuit vibration a problem? How 
about searing temperatures, lOOOF® plus? 


Maybe metal-eating salt spray or corona is your 
’ circuit nemesis \ 
No matter what the problem ts or where by 


specifying AMP, you can pick the exact solder- 

less terminal for your requirements from the 
broadest line on the market—whether you re 

Quire the great production speed of an AMP 
Automachine or the small run productivity of . 
an AMP precision hand tool 





In fact when you specify AMP, you pick the 
surest route of all to consistent, economical 
circuit reliability. If you want a better way to * 
design and manufacture your circuits, send for ° bd 
the full stéry.on AMP's solderiess termina 


tion program 










“wi = RATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan « West Germany 
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LOW WATER ABSORPTION 


EXTRUDED CLOSED CELL 





TIGHT RADII EASILY TURNED 


NEOPRENE IMPROVES BODY SEALING 


Only neoprene closed cell extrusions offer all these proven 
advantages as a body seal: 

Excellent resistance to weather, ozone, aging, sun and oil. 

Low water absorption; due to the characteristic closed 
cell structure, water absorption is held to a minimum... 
eliminates need for a veneer or coating. 

Available in a variety of complex cross sections... adapt- 
able to any closure design. 


light radii easily turned without wrinkling. 


Extruded closed cell neoprene is already being used 
effectively as a door and deck lid seal and as a hood lacing. 
Potential applications include roof rail seals, windlace and 
other body gasketing applications. 

For more information on this new approach to body seal 
design, write for your free copy of our helpful brochure, 
EXTRUDED CLOSED CELL NEOPRENE. 


E. I. du Pont de Nemours & Co. (Inc.), Elastomer 
Chemicals Department SAE-12, Wilmington 98, Delaware. 


SYNTHETIC RUBBER 


NEOPRENE HYPALON® VITON® ADIPRENE® 


REG. U. 5. PAT. OFF 


Better Things for Better Living .. . through Chemistry 
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; Solid 
Extruded Shape 





Semi-Hollow 
Extruded Shape 










Class 1 Hollow 
Extruded Shape 





Class 2 Hollow 
Extruded Shape 


Ta 


| Class 3 Hollow 
Extruded Shape 


A® 


Extruded Rod 
















\ 


Extruded Bar 


Extruded Tube 


y, NL v 


Here’s how Olin Aluminum can help you get more extrusions for your dollar. We make 
aluminum — so we're thoroughly acquainted with the properties of all extrusion alloys 
We're also experts in extrusion design and the related art of die-making. Combining 
this overall knowledge, we can help you achieve extrusions that use a minimum of 
metal with a maximum of efficiency 

Come to us with an idea of what you want to accomplish and we'll show you how 
to do it best — whether it involves standard extrusions or elaborate, special-purpose, 
multi-port dies such as that used to produce the trademark extrusion illustrated. 

And you can count on quality, too! For Olin Aluminum, as a primary producer of 
aluminum, tests its metal at every stage of the production process...using such 
advanced methods as quantometric analysis 

Moreover, your source of supply is assured by this fact: every Olin Aluminum 
customer is the terminal point of a massive, unbroken chain of supply that extends 


from the bauxite mine to the extrusion press. 
0 UMINUM 
O . 


MA OLIN MATHIESON + METALS DIVISION + 400 PARK AVE. + NEW YORK 22, N. Y. 
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PROJECTS 





*K BALANCED BACK LIGHTING... rheostat controlled, uni- 
formly diffused over the entire subject area. With controlled front 
lighting and a vacuum subject holder, you have the ultimate in 
micro-photography. 

As acamera, the MICRO-MASTER® 105/35mm proves its “‘class”’ 
on the toughest jobs — soiled, low-contrast originals, mottled sepias, 
doubled-sided tracings. The light is just right, contrast is heightened, 
the smallest details caught on the negative. 

Eleven other exclusive refinements make MICRO-MASTER the 
most advanced unit for engineering miniaturization available today. 


MICRO-MASTER 
105/35mm CAMERA-PROJECTOR 
for engineering miniaturization 


by figs 


See it now, at your local K&E Dealer’s... or fill out and mail the 
coupon below for further information. 


Visit K&E Booths 231,-2,-3, and 244,-5,-6, at the VCC Show 


KEUFFEL & ESSER CoO., Dept. SJ-12, Hoboken, N. J. 

(1 Please send me complete information on the MICRO-MASTER 
105/35mm Camera-Projector by K&E. 

0) Please have a K&E representative call. 


Name & Title: 


PROJECTS 


Company & Address 
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NEW 
MODEL? 
NEW 
PRODUCT ? 


NOWS THE TIME TO EXPLORE 
NEW SAVINGS WITH DELCO MORAINE 
SINTERED METAL PARTS 


v5 © qa DELCO MORAINE 
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Smoke signals from an engine are 
sure signs of excessive engine wear 
and poor engine performance! To 
protect the reputation of his product, 
an engine manufacturer must guard 
against these tell-tale smoke signals 
before his product leaves the factory. 
That’s why more engine manufactur- 
ers install Fram Filters as original 


YOUR FIRST LINE OF ENGINE PROTECTION 


150 





equipment than any other brand. 
Why not let Fram’s extensive re- 
search and testing facilities go to 
work for you? Fram leads the field in 
research and Fram engineers always 
come up with the most efficient and 
economical solution to every filtra- 
tion problem! FRAM CORPORATION, 
Providence 16, R. I. GEneva 4-7000. 


FRAM 


O/L AIR FUEL WATER 


‘= , 2 «age ieee a 
os s# £ Rig 
& ie _ ™ a a * ? 
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It stretches way out for a hearty bite, digs deep and unloads high 














AUDIO 
AMPLIFIERS 






COMMUNICATIONS 







DATA 
PROCESSING 







CONVERTERS FLASHERS 





= oe 
. © * 


GAUGES INSTRUMENTATION 






POWER 
SUPPLIES 


MACHINE 
CONTROL 









OSCILLATORS REGULATORS 



















SERVO 
SYSTEMS 


SOLID STATE 
SWITCHING 


ULTRASONICS 





DELCO PRADIO —THE LEADER 
IN POWER TRANSISTORS 





‘ . For top performance in a wide, wide range of applications, specify Delco Radio's 
2N174. @ This multi-purpose PNP germanium transistor is designed for general use with 28-volt power 
supplies, and for use with 12-volt power supplies where high reliability is desired despite the presence of 
voltage transients. ™ It has a high maximum emitter current of 15 amperes, a maximum collector diode 
rating of 80 volts and a thermal resistance below .8°C per watt. The maximum power dissipation at 71°C 
mounting base temperature is 30 watts. Low saturation resistance gives high efficiency in switching operations. 
@ The 2N174 is versatile, rugged, reliable, stable and low priced. For more details or applications assistance on the 


2N174 or other highly reliable Delco transistors, contact your nearest Delco Radio sales office. IDE LCO 


Newark, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan 
1180 Raymond Bivd. 726 Santa Monica Bivd. 5750 West 51st Street 57 Harper Avenue A D i O 
Mitchell 2-6165 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 3 

Division of General Motors - Kokomo, Indiana . 
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It stretches way out for a hearty bite, digs deep and unloads high 
over a truck side. Hydraulics give this versatile backhoe its sure- 
footed stance, swivel-hipped performance, accurate bucket and 
boom control. In many of these mobile rigs, a Webster JD hydrau- 
lic pump powers the action — in up to seven separate cylinders ! , 
Not an unusual assignment — for the JD series has an uncanny 


We bster hyd rau | ics ability to handle demanding jobs with speed, sureness and excep- 


tional dependability. That’s why you find them on a wide range 


“ “ 
mM uscle a of industrial, agricultural and construction machines... in pressure 
board j ng house lubricating, oil circulating and lift systems 


Webster JD positive displacement, gear-type pumps are avail 

reach a able in 5 sizes — from 5 to 23 gpm — with pressures to 2000 psi 
speeds to 2400 rpm. Drive is direct, gear or belt. Side porting 

standard, end optional. Compact design fits into tight corners 

Need help in a specific hydraulic application? A specially trained 


Webster hydraulics engineer is ready to assist you. Write for action ! 


OIL HYDRAULICS DIVISION 


WEBSTER 





ELECTRIC 


ees RACINE-wis 





JD SERIES POSITIVE 
DISPLACEMENT GEAR-TYPE 
PUMP — Send for complete 
engineering characteristics 
performance and 
installation data 
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stainless steel 


No other metal has the strength, beauty and 
versatile qualities that serve you so well today 


and promise so much for tomorrow. 


There is nothing like 
stainless steel for 
THE AUTOMOTIVE INDUSTRY 





McLouth Steel Corporation, 
Detroit 17, Michigan 


Co Ren, 
'* 


© Stainless > 
Manufacturers of high quality +> [ 
Stainless and Carbon Steels me 


Look for the STEELMARK 
on the products you buy 


MICLOUTH STAINLESS STEEL 
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One in a series of technical reports by Bower 


- 
}/ BRIEFINGS 





BEARING GEOMETRY 
MAKES OR BREAKS BEARING PERFORMANCE 


To develop high capacity and optimum 
performance in a tapered roller bearing, 
it is essential that roller alignment be 
accurate. Correct roller alignment, in 
turn, depends on a critical geometric 
relationship between the cone back-face 


rib, and the cone raceway. 


Perfection in this geometric relationship 
compels the rollers to align themselves 
perfectly with respect to the bearing 
geometry, and each roller shares equally 
in the work that is imposed. Figure 1 
diagrams the important elements in- 


volved. 


When this rib-to-raceway relationship 
is incorrect (because of either faulty 
bearing design or manufacturing inac- 
curacies), rollers experience misalign- 
ment and begin to skid and skew under 


CONE 
BACK-FACE 
RIB 
C's; <. 
f 
NN 
ROLLER 


L RACEWAY 





load. As engineers know, poor perform- 
ance and premature bearing failure are 


inevitable under these conditions. 


In the design and manufacture of Bower 
tapered roller bearings, Bower engineers 
take great care to generate and hold an 
exact face angle on the cone back-face 
rib. In practice, this means that Bower 
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bearings are designed for maximum life 
and optimum performance under any 
operating conditions. It means that 
Bower bearings retain accurate roller 
alignment under all speeds and loads up 
to the maximum for which the bearing 


is rated. 


It’s one thing to develop proper bearing 
design on paper, but quite another to 
carry it out consistently in manufacture. 
To this end, Bower engineers were instru- 
mental in the design and development 
of a unique centerless grinder on which 
Bower precision grinds each bearing’s 
rib-face simultan- 


cone and 


eously. The results obtained from these 


raceway 


machines invariably meet or surpass 


Bower’s exacting requirements and as- 
sure perfect roller alignment. 


Figures 2 and 3 are front and top views 
which illustrate Bower’s technique of 
centerless grinding rib-faces and cone 
raceways together. As a result, every 
component in a Bower bearing is per- 
fectly concentric about its rolling axis 


THESE SURFACES 
GROUND 
SIMULTANEOUSLY 


THIS ANGLE MUST BE 
HELD EXACTLY FOR OPTIMUM 
PERFORMANCE 





ss FTF Ff Ff 


When you require bearings, we suggest 
you consider the advantages of Bower 
bearings. Where product design calls for 
tapered or cylindrical roller bearings or 
journal roller assemblies, Bower can 
provide them ina full range of types and 
sizes. Bower engineers are always avail- 


able, should 
advice on bearing applications. 


you desire assistance or 





B OWE rx ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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@ each coupon book buys $10.00 worth of 
SAE meetings papers and Special Pub- 
lications; it costs $9.00. Each coupon 
is worth 50¢. 


@ each book is good for a minimum of two 
years. 


@ coupons will be accepted at National 
Meetings or with mail orders for SAE 


meetings papers and Special Publica- 
tions. 





nginee® 






otwe 
avenue 


@ coupon books save you time and trouble. 


(It is requested that cash or check accompany your order for coupon books) 
Add 3% city sales tax for deliveries in N. Y. C. 
SPECIAL PUBLICATIONS DEPT. 
Society of Automotive Engineers 
485 Lexington Avenue 
New York 17, N. Y. 


Please send me SAE coupon books at $9.00 each. (Check) (Cash) for 


Name 


is enclosed. 


Company Name 





Company Address 
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- molded of Du Pont DELRIN 
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ACETAL RESIN 


Weight reduction stands out among the objectives 
of designing a compact automobile—less weight 
means improved fuel economy and ease of han- 
dling. DeLrin acetal resin, newest of Du Pont’s 
engineering materials, helps to cut the weight— 
but not the strength—of the 1961 Valiant instru- 
ment housing by approximately 80%. 

Now on Chrysler Corporation’s 196] Valiants 
after extensive road and laboratory testing, the 
attractively styled instrument housings of DELRIN 
have proven their dur ability. The housing, made 
from die-cast zinc, would weigh nine pounds; in 
DELRIN, it weighs only two pounds. This reduction 
in weight not only pays off in decreased total 
weight for the Valiant but also eases handling 
problems on the assembly line. 

DELRIN acetal resin offers strength and stiffness 
in thin sections even at the elevated temperatures 
to which the instrument panel often is exposed 
under a blazing sun. This corrosion-resistant ma- 
terial also exhibits excellent dimensional stability 
under varying conditions of humidity. 

Molded-in bosses accept self-tapping studs to 
simplify mounting. Present assembly techniques 
are used when installing the housing. The decora- 
tive face piece—of Du Pont Lucire® acrylic resin 
—is easily fastened to the housing with self-tap- 


ping screws. 


Light weight, resistance to corrosion and high 
temperature, plus strength and stiffness, make 
DeLRIN ideal for a variety of automotive uses. In 
addition, DELRIN offers ease of fabrication in in- 
tricate shapes, permitting cost savings in mate- 
rials and manufacturing processes. To find out 
more about design improvements made possible by 
this versatile new engineering material, write to: 
EK. I. du Pont de Nemours & Co. (Inc.), Depart- 
ment JJ12. Room 2507D. Nemours Building. Wil- 
mington 98, Delaware. In Canada: Du Pont of 
Canada Limited, P.O. Box 660. Montreal. Quebec. 


POLYCHEMICALS DEPARTMENT 


REG. U.S. PAT. OFF. 


BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY 
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LOAD-LEVELERS 


— Monroe stabilizing units with built-in ride control 
for a level ride under all road and load conditions 





VY Do the work of elaborate suspension systems 
—at a fraction of the price. 


V’ Prevent “tail drag”, side sway, and “bottoming” on axles. 
Y Prevent hard steering and excessive tire wear. 


Y Require no service, and don’t interfere 
with under-body servicing. 


V’ Easily installed as optional equipment 
at factory or car dealers. 


” TYPICAL INSTALLATION: Monroe Load-Levelers are 
installed in exactly the same position and on the 
same mountings as the rear shock absorbers. They 
automatically compensate for all road and load con- 
ditions, provide maximum stability. 


MONRO-MATIC SHOCK DIRECT ACTION POWER MONROE SWAY BARS— E-Z RIDE SEATS—stand- 
ABSORBERS—Standard STEER!ING—The only Specified as standard ard on more tractors 


on more makes of cars truly direct-action Power equipment on 15 makes than all other seats of 
than any other brand. Steering units available. of passenger cars. this kind combined. 


MONROE AUTO EQUIPMENT COMPANY, monroe, micnigen 


In Canada * Monroe-Acme, Ltd., Toronto 
TIL World’s largest maker of ride control products 


Trademark 


You'll get modern styling. ageless appeal. with Western Brass... for the enduring 


—— 


por TEENUTS 


_ RR of 


more than 


600 
COST-CUTTING 
ZU Vile) st 


oe 


Since the first TEENUT was developed by Carr 
Fastener in 1927, more than 600 different modifications 
of this extremely versatile device have been designed 
and manufactured in true, mass-production quantities. 

By combining nut and washer in one solid unit, the 
DOT TEENUT offers exceptional strength and security 
and eliminates the need for tapping. Its flanged base 
can be formed with welding bosses for attachment to 
sheet or solid metal structures . . . with prongs for 
wood ... or with any number of different special bases 
for particular applications. DOT TEENUTS can be 
made in heat and corrosion-resistant materials and they 
can be provided with moisture-seals and vibration-proof, 


self-locking barrels. 

Once mounted, the DOT TEENUT stays put and 
can’t be lost or mislaid . . . an advantage at any time 
and a necessity where blind fastening is required. 

Wide experience in the proper application of DOT 
TEENUTS and a multitude of other special-purpose 
fasteners enables your DOT field representative to pro- 
vide prompt and effective solutions to a tremendous 
variety of fastening problems. Where special design 
work is needed, he can bring you the services of a 
design-engineering group unequalled in its field. 

The DOT TEENUT catalog is an invaluable refer- 
ence ... yours on request. 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass, 


Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, 


( Mifice 8 in: 
New York, Philadelphia, San Francisco, Seattle, Syracuse 


4 e 
TSTENY 


Kalamazoo, Los Ange le 8, Louisville, 
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You'll get modern styling, ageless appeal, with Western Brass... for the enduring 
glow of solid brass adds a classic note to contemporary design... keeps any design 
forever young and beautiful. That glow is kindled at Western Brass by meticulous 
finishing and packing methods, unexcelled in the industry. Moreover, this precision finish- 
ing, customers say, actually gives more parts per pound of sheet or strip. You'll make 
it better with beauty-rich brass. You'll make it best with “tailor-made” Western Brass. 





O OLIN MATHIESON « METALS DIVISION 
MA EAST ALTON, ILL., NEW HAVEN, CONN. 


| verbo BRASS _ 
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PNR EP N18 3 SOUTHWEST 


pov 0 for 
ASSISTANCE 
ee TT eR tee SELF-ALIGNING BEARINGS 


tailed data, specifications, 


for light, medium, heavy 
duty PTO Joints & Drives 
2. Yoke drawings for design 
















tr i pl rol Tr 
ahi slag Q “a pd Rear 2 eee PLAIN TYPES ROD END 
Aw fagineering assistance $ TYPES 
Bt ee TC ee $ 
YOUR COMPLETE SOURCE a PATENTED U.S.A. 
2 All World Rights Reserved 
NEAPCO PRODUCTS, INC., POTTSTOWN, PA. $ 
y  < e CHARACTERISTICS 
$ ANALYSIS RECOMMENDED USE 





For types operating under high 
temperature (800-1200 degrees F.). 






Stainless Steel Ball and Race 
For types operating under high radial 


Ch All Steel Bal! 
Do you want euatee las tn ultimate loads (3000-893,000 Ibs.). 


Bronze Race and Chrome { For types operating under normal loads 
< 





For types operating under rotational, 
high radial loads and long cycle life 
where lubrication is impossible. 


Stee! Ball with minimum friction requirements. 
n mbiem "Dyflen"® Phat Alley 
Inserts. CRES Bal! and Race. 


Chrome Alloy Steels. 





* 
for your Lapel? $ Thousands in use. Backed by years of service life. Wide variety 
@ of Plain Types in bore sizes 3/16” to 6” Dia. Our engineers 
~ ‘ $ welcome an opportunity of studying individual requirements 
e Distinguishes you $ and prescribing a type or types which will serve under your 
demanding conditions. Southwest can design special types to 
as an SAE member $ fit individual specifications. Write for Engineering Manual No. 
$ 551. Address Dept. SAE60. 
, e Is an attractive : 
gold-filled clutch- 3. SOUTHWEST PRODUCTS CO. 
back pin PEE MLR SLUM eI 
e Costs only $1.50 
plus 
a ee ed —— OR HDs wa 
in e Unite ates an ¢ 
sales tax for delivery in TRACTORS CONSTRUCTION EQUIPMENT 
New York City BUSES FIRE ENGINES 
lel amt Ue 4 “Tey Us) 
ers) TANKS 
GOLD on BLUE Member Grade re Al aan 
GOLD on RED . Associate Grade ee ts ance aati 
; WN GENERATOR SETS 
GOLD on WHITE .. Junior Grade 


Order from: 


Society of Automotive Engineers 
485 Lexington Ave., New York 17, N. Y. 


on KEEP BENDIX® ELECTRIC 
ENGINEERING, FUEL PUMPS IN MIND! 


| KNOW -HOW : | Outstanding in every way. Proved in temperatures from 
in i +114° to —76°F. Simple to install and service. Pressure 





release built in. Delivers more gallons per hour. Prevents 


ENGINE nn ss a agate Ask for descriptive folder and 


“>> ‘ A NEW BENDIX LOW-PRESSURE PUMP (1% TO 1% PSI) IS SPECIFI- 
Price: poo U MEMDEFS CALLY DESIGNED FOR SMALL CARS AND OTHER SMALL ENGINES. 


| Society of Automotive Engineers | Bendix-Elmira 
poP- 179 485 Lexington Ave., N. Y. 17, N. Y.J ECLIPSE MACHINE DIVISION 


ELMIRA, N.Y. 
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8. First commercial sili J 


cone compound for high 


3. First pre-conditioned 
rubber compounds for 





easier, foster processing 


and production ca 


altitude oxygen masks 


_ 


The combined technical and research fa- 
cilities of Union Carbide Corporation, 


4. First with electrically 7 


conductive silicone rub- 
ber for electronic shields 
and electric heaters 


with tremendous resources of chemical 
experience and knowledge, have brought 
about outstanding achievements in sili- 
cone rubber. Ten of these contributions, 
which industry has enthusiastically ac- 
cepted, are depicted on our film strip 
here. 

important thing to remember: When- 
ever you need the strikingly superior 
advantages of silicone rubber, see your 


Unlocking the secrets of silicones 
Rubber, Monomers, Resins, Oils, Emulsions 
5: F , ' rm The term “Union Carbide” is a registered 

a) " , . 
ay adle-statee lesen adie trade mark of Union Carbide Corporation, 
ber for fusible tapes for 
electrical machinery, hot- 
air ducting. and other 


wrapped constructions 
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a tO. First silicone rubber 


SOME SILICONE RUBBER “’FIRSTS’’... WHERE 
Your SIJLICOWSS WAN PLAYED THE LEAD 









. 
2 
rubber compound quali 
itt MRs-Tae as  e L 
v 
4 
ompound to meet strict 
RA Rs es tt 
UNION CARBIDE Silicones Man first. Ad- 
vantages such as low temperature flexi- 
bility, thermal and oxidation stability at 
very high temperatures; low compression 
set; weather, ozone, oil resistance; elec- 
trical resistance or conductivity. Your 
Silicones Man has them all at his finger- 
tips. Write Dept. LK-9002. Silicones Divi- 
sion, Union Carbide Corporation, 270 
Park Avenue, New York 17, N.Y. In 
Canada: Union Carbide Canada Limited, 
Bakelite Division, Toronto 12, Ontario. 
. 
’ 
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Want One 


For Your 


Lapel? 





An SAE 


¢ Distinguishes you 
as an SAE member 


Emblem 


e Is an attractive 
gold-filled clutch- 
back pin 


¢ Costs only $1.50 


plus 

15¢ Federal tax for delivery 
in the United States and 5¢ 
sales tax for delivery in 
New York City 


6°) 


, 


ACTUAL SIZE 


Gee OO Ole. Sk. hodieciccvan Member Grade 
oo Associate Grade 
ES Junior Grade 


Society of Automotive Engineers 
485 Lexington Ave., New York 17, N. Y. 


Please send me an SAE emblem. Enclosed is my 


check for $ ($1.50 plus applicable taxes: 
Grade of membership (please check) 
(1) Member (—-D Associate (> Junior 
Name 
(PLEASE PRINT) 
Address 
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Great names—that made 


scientific filtration possible! 


Pascal’s Law: 


“Pressure exerted anywhere on a 
confined liquid is transmitted 
undiminished throughout the inte- 
rior of the containing vessel.” 


Blaise Pascal (1623-1662) 


Although Pascal’s Law is more than 300 years 
old, it is still one of the basic principles that must 
be taken into consideration in the design of new 
products for modern industry. And Air-Maze en- 
gineers, in their specialized field of developing 
better methods of filtering liquids and gases, are 
ever conscious of the importance of Pascal’s 
discoveries. 

For 35 years, whatever the filtration require- 
ments—hydraulic presses or jet aircraft, air com- 
pressors or vacuum pumps—Air-Maze has been 
at work keeping equipment running better and 
longer by keeping it clean and free from damag- 
ing contaminants. 

The products shown below are representative 
of the many designed and developed by Air-Maze 
engineers to meet special filtration requirements. 
If your product involves any gas or liquid that 
moves, Air-Maze can help you. 


Only Air-Maze Dry Type air filters have 
the exclusive Dry-Maze washable, non- 
paper element. Lasts indefinitely. 


Open circuit filfers, either disc or pleated 
type, for installation in any available 
cavities. All-metal filtration media for 
high efficiency even at elevated tempera- 
tures. Available with or without housings. 


OTHER AIR-MAZE PRODUCTS: 
Air Filters * Liquid Filters *« Intake Silencers 
Exhaust Spark Arresters * Breather Filters 
Oil Mist Eliminators 


LK GI AF 


CLEVELAND 28, OHIO 













SPECIAL NOTICE — 
TO ALL PAST, PRESENT AND PROSPECTIVE EXHIBITORS IN 


SAE’s INTERNATIONAL EXPOSITION OF AUTOMOTIVE ENGINEERING 


PLAN NOW FOR YOUR MOVE 


TO DETROIT’S COBO HALL IN 1961... 
Here’s What Ward’s Automotive Reports Have to Say About the Move: 


SAE Annual Convention Booked at 
Detroit’s Cobo Hall, 1961-1965 


The Society of Automotive Engineers has engaged 
Detroit’s Cobo Hall for its annual conventions from 
1961 through 1965. 

The move will give SAE the opportunity of spon- 
soring what could be the most prominent automotive 
engineering display in the country and would un- 
doubtedly add authority to Detroit’s standing as the 
motor capital of the U.S. and heart of the industry. 

The modern Detroit Civic Center site, currently 
under construction in the city’s bustling downtown 
waterfont section, is scheduled for opening in August, 
1960. 

January Dates Set 

The SAE business dates firmed up at this time for 
the 1961-1965 conventions are: 1961 — Jan. 9-13; 
1962 — Jan. 8-12; 1963 — Jan. 14-18; 1964 — Jan. 
13-17; 1965 — Jan. 11-15. 

Cobo Hall will provide the SAE sessions with 
400,000 sq. ft. of exhibit space contrasted to just 
over 10,000 sq. ft. at Detroit’s Sheraton-Cadillac 
Hotel, where the January meeting was held this year. 

Membership Swells 

It would not be unlikely that SAE will rent exhibit 
space during its convention to various trades con- 
nected with the auto industry for individual expo- 
sitions 

Textile manufacturers and leather firms would be 
able to set up equipment to detail their fabric-making 
processes; rubber makers could show how a tire is 
made; similar exhibits could be allotted to the re 
placement parts business; car manufacturers, them- 
selves, might devise cutout working models of engines 
or even entire automobiles or trucks in simulated 
motion. 

The whole SAE affair could, in fact, house minor 
conventions for just about every engineering trade 
allied with the automotive and accessories business 

SAE’s expanding membership has been a primary 
factor in the society’s search for larger convention 
quarters. As of Jan. 1, there were 23,000 members, 
with the count swelling every month. 

Excerpt—Wards Automotive Reports 
March 30, 1959 


HERE’S WHAT 

YOUR 1961 
AUTOMOTIVE 
MARKET PLACE 
LOOKS LIKE: 


Why Not an Automotive Engineering 
~ World’s Fair at Detroit’s Cobo Hall 


Such a structure as Cobo Hall, situated as it is in 
the manufacturing heart of the auto industry, could 
be a perfect place for a gigantic technical exhibition 
—practically a world’s fair of automotive engineer- 
ing — sponsored by the Society of Automotive 
Engineers. 

What a progressive industrial advance would be 
made by SAE’s promotion of a colossal automotive en- 
gineering convention-exhibit, particularly with such 
a valuable location as Cobo Hall available! 

Suppliers Could Participate 

Parts makers, rubber and tire firms, textiles and 
leather companies, the metals trades — all of these 
groups and everyone else with a piece of automotive 
equipment to show or sell could be provided with the 
space sufficient to properly present and if necessary, 
demonstrate his advanced design product. 

Cobo Hall’s foundations are strong enough to hold 
heavy equipment such as huge body element stamping 
presses and various types of rugged metal working 
machines. The machinery could turn out stampings 
or tools right in the exhibit area. 

If SAE could come up with such a spectacle it 
would certainly sweep crowds into Detroit, throngs 
from various areas of industry and business. The 
affair could, in fact, house minor conventions for 
every technical trade allied with the auto and acces- 
sories field. 

SAE selected Cobo Hall for 1961 and subsequent 
conventions not only because of its vast exhibit area 
but for other accommodations as well, including 
several meeting rooms that seat over 500 persons and 
a banquet and adjacent room that can hold and serve 
over 5,000. Excerpt—Ward’s Automotive Reports 
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Stainless steel reduces weight! An exceptionally high strength-weight ratio makes stain- 
less steel an ideal material for thousands of applications.’ Designers can count on this property with the 
assurance that there will be no loss of design properties — ever. For stainless resists corrosion, dents, 
scratches, and heat. Its beauty is solid and is as permanent as anything you can name. No wonder de- 
signers say “Yes” to stainless. And the best stainless steels of all are made with Vancoram Products! 
Vanadium Corporation of America, 420 Lexington Avenue, New York 17, N. Y. * Chicago * Cleveland « 
Detroit + Pittsburgh 


CORPORATION OF AMERICA (wv 


Producers of a'loys, metals and chemicals 


x? 
Shy 
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TOMORROWNESS 


That's what you get today when you design with the NEW 
PHENOLICS. Here's why. You can do things with the new 
phenolics that you can’t do with other materials. 

Idea: Cut the cos. of mass-producing a water-pump 
impeller—and get an impeller that doesn’t corrode. 

Idea: Make a fan that won’t bend out of shape, can’t 
warp, and runs whisper-quiet for years. 

Idea: Take the hum and drum out of heater housings 
and air ducts—for good. 

You can get phenolics from Durez husky enough to make 
oil-pump gears and transmission parts that outlast metal... 
versatile enough to stand heat and vibration as a low-cost 
distributor bowl case. And this is only the beginning. 

When you design with today’s harder-working phenolics, 
you’re almost always dollars ahead. They cost less per pound 


and per cubic inch than many other materials. They’re al- 
ways in supply. Their price is stable. They can save you the 
whole cost of machining and finishing a part. 

Your molder knows these materials well. He can put them 
to work for you—in ways you may never suspect until you 
discuss it with him. Let him bring you up to date soon on 
these versatile plastics that take you where other plastics 
can’t go. Or write us directly for descriptive Bulletin D400, 
or for help on a specific application. 


DUREZ PLASTICs DivISION 
8112 Walck Road, North Tonawanda, New York 
Tre 


CHEMICALS 
PLASTICS 


HOOKER CHEMICAL CORPORATION 
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OFFERS THESE 3 BIG EXTRAS! 


ROCKWELL- STANDARD 


— 
i ieee 


Proven the most advanced 
brake design in 30 years... 


Outstanding improvements, such 
as a new balanced shoe actua- 





tion principle and 15” diameter, “Fail-Safe” Units ...now available © Lightweight and compact . . . no 
have made the Stopmaster for air actuated Stopmaster Brakes. installation problems, no cables or 
Brake the industry’s most effi- ¢ Prevents runaway vehicles due to special brackets required. 

cient and dependable brake. loss of air, when in operation or © Provides mechanical parking brake 
how Rockwalk:Ssendent ules parked. . . . eliminates need for prop-shaft 
offers you these three important © Positive mechanical operation . brake. 
extras in the Stopmaster: can be installed to operate from © Brakes easily released . . . without 

dash control valve or automatically, air pressure. 


or both ways if desired. 


Automatic Brake Adjustment . . . available on Lubrication Eliminated. All actuating parts 

all Stopmaster Brake sizes for trucks, trailers, and are sealed in lubricant. Standard on all 

off-highway vehicles. models. 

® Eliminates periodic manual adjustment. ® Prevents oil-soaked linings due to over 
lubricating. 





© Cuts expensive maintenance costs. 


Loe , ° : 
® Brake maintains proper adjustment during Moving parts-last longer. 


entire lining life. ® Reduces friction. 
® Completely sealed unit reduces effect 


® Safer operation at all times. 
of elements. 





1 pribthere FA0duil of, ROCKWELL-STANDARD 


CORPORATION 


Brake Division, Ashtabula; Ohio 
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~ GETTING TO 
THE CORE 

OF HONEYCOMB 

MEI ver cost saints stot honeycomb 


is in prospect, thanks to a new Rohr machine. 
Automatically, and many times faster than 
past methods, this remarkable machine 
fabricates and welds a number of integrated 
core structures simultaneously. 

Quality is higher, and there is virtually 

no limit to the size of panels 

its continuous operation can produce. 

These Rohr-designed, Rohr-built machines 
are in operation now. They typify 

Rohr’'s ability to come up with the machines 
and techniques that solve 
manufacturing problems. 

For twenty years, Rohr has been 
contributing this kind of down to earth 
engineering and production know-how to 
American industry. Perhaps we can 


























put it to work for you. 


alt 


ASSEMBLY PLANTS: WINDER A.; AUBURN, WASH. AIRCRAFT CORPORATION 


MAIN PLANT AND HEADQUARTERS: CHULA VISTA, CALIF.; PLANT: RIVERSIC 
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Controlled Expansion _— 


Cooler Running q 


Greater 
Durability 


SUPERIOR ENGINEERING DESIGN 


, wa Sate — 
with these / jum —~ STEEL TENSION MEMBER 
‘ Anchored only at pin bosses and cast in 
Design positiv 7 


kirt. 
. Features %& COOLER RUNNING 
A ; 20% greater section for heat conduc- 
a tivity. 


te EXTRA DURABILITY 
Greater section above pin bosses pro- 
— uncompromised strength for long 
ife. 


sse 
e contact with |. D. of piston 


2X2 
ea 
ei, be £2 
. pv q 
. on me? 
A * 4 eo 
I; “Ag 
Ss 
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ZOLLNER CORPORATION «+ FORT WAYNE, IND. 


FOUNDRY 
DIVISION 


| 4. SS HEAVY DUTY 
MACHINING ne ant Po 
DIVISION 
Ze 
g 
. 4 


PRECISION PRODUCTION FROM ENGINEERING TO FOUNDRY TO FINISHED PISTONS 
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THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


YES, WE HAVE NO GASKETS 


(;askets cause countless problems in sight 


glasses, people told us 


Get rid of the gaskets, we replied 


Show us how, thev retorted. 


So, we did. 


] wo ways. 


One. We can and do make valve win- 


the glass is fused directly 


metal without aid of gasket 


The result is a one-piece assembl) 
hermetic seal rated 


th an hero ally 


it 700 psi and bursting strength around 


COPPER TIN 


SIGHT GLASS 
SILVER COATING 


Iwo. When it makes sense, we can and 
do metallize a glass with a base coat of 


silver, electroplate it with copper, and 
face it with a coat of tin which accepts 
soldering to a bezel, which we also can 
and do do. The finished window is rated 
to take 15 psi inside or out 

Since we are as versatile as the ma- 
terial we work with, we can pull such 
tricks as pressing configurations into the 
windows. We've already done things like 
bull’s-eyes and indentations 


We had another job where we pressed 


an optical lens into a glass. The focal 
length of the lens is such that you get a 
reflection of light back to your eye, except 
when the unit is full of liquid, in which 
case you focus on the liquid itself 

Look into our windows whenever you 
irom 


find gasket a nuisance, whether! 


temperature or pressure or corrosive 


environment or any of the many other 
conditions which tend to make gaskets a 
nuisance 

You can begin looking by sending the 


coupon. 


ON ENCAPSULATING WITH 
PYROCERAM® CEMENT 


Should you want to lift the thermal ceil- 
ing on encapsulated electronic parts as 
high as 700°C 
when you take a look at our PyrROoCERAM 
cement No. 45. 


you'll like what you see 


Certain people making coil cores for 
hot work are finding it almost ridiculously 


easy to meet such temperature 


while holding performance in al 
areas 

The cement is almost completely im- 
pervious to vapors and chemically inert 


It matches nicely to tungsten, molyb- 


denum and other materials with a coeffi- 
cient of expansion from 40 to 50 x 10-7 /°¢ 


[his same cement can also be used for 


glass to glass, metal to metal 


ceramic to ceramic, or any combination 
of these materials 

There are two other PyROCERAM ce- 
both of which 


temperature of 425°C. No 


ments, have a_ servic: 
89 lends itself 
well to platinum, vanadium, 50% nickel, 
ind other materials with a coefficient of 


No. 95 is 


for chrome-iron stainless, Sylvania No. 4, 


expansion 80 to 92 x 10-7/°C 


and the like with a coefficient of expan- 
sion 90 to 110 x 10-7/°C. 

People who know say that the applica- 
tions for this new material are ready to 
snowball. Perhaps if you send the coupon 
now, you will be first to use it in vour 


particular field 


CORNING MEANS 


FROM CORNING 


VYCOR® GLASSES 
AS WATER-GETTERS 
OR PROBE PROTECTORS 


Put a piece of porous Vycor brand glass 
into a humid environment and it drinks 
up 25% of its weight in moisture before 
becoming sated. 

This has suggested its use as a substi- 
tute for desiccants to a number of people, 
particularly people who want a getter 
with unusual rigidity under stress condi- 
tions. Say, in a sealed inert-gas gyro- 


scope, for example. 


Others have seen in this same 96% 
silica glass a clean, long-lived semiperme- 
able membrane. 

Put one of these tiny tubes of Vycor 


glass around a pair of thermocouple 
wires and you have a device for reading 
melts of 


the temperature of working 


metals or anything else that runs from 
2000 to 3000°F. 

The tubes will stand up from four to 
six seconds even under this intense heat, 
keeping the wires intact long enough to 
get an accurate reading. 

Actually, in practice these tubes are 
emerging from metal melts marred but 
still intact two times out of three! Since 
the glass is 96% pure silica, there’s no 
threat of contamination to the melt even 
if the tubes should disintegrate. 

All of which serves to demonstrate just 
two- of the many amazing properties of 
the Vycor brand glasses. 

There’s more about the various Vycor 
glasses with their varied properties and 
the sizes and shapes we can deliver in a 
mentioned in the 


bulletin which is 


coupon. 


RESEARCH 1 N GLASS 


*) CORNING GLASS WORKS, «012 crystal St., Corning, N.Y. 


[] Sight Glasses [] VYCOR 
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Street 


City 
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This tubing saves you money 
before you start your hollow parts 


You save with Timken® seamless 
steel tubing before you start your 
hollow parts because the hole’s al- 
ready there. No costly boring out of 
bar stock for you, less waste steel. 
Your finished parts will have uni- 
form quality, too. That’s because we 
make Timken steel tubing by rotary 
forging a solid round over a man- 
drel, thoroughly working the metal 
inside and out. Result is the tubing 


has fine forged quality and uniform 
spiral grain flow. 

When you buy Timken steel you 
can be sure of: 1) Quality that’s 
uniform from heat to heat, tube to 
tube, order to order; 2) Service from 
the experts in specialty steels; 3) 
Experience—over 40 years of it—in 
solving tough steel problems. 

Our engineers will be glad to 
help you cut your costs by recom- 


mending the most economical tube 
size for your hollow parts job. It’s 
guaranteed to clean up to your finish 
dimensions. Call or write your 
nearest Timken Company Sales 
Office, or The Timken Roller Bear- 
ing Company, Steel and Tube 
Division, Canton 6, Ohio. Cable 
address: ““TIMROSCO”. Makers of 
Tapered Roller Bearings, Fine Alloy 
Steel and Removable Rock Bits. 


eet: 
Alloy 


TIMKEN ALLOY STEEL AND SEAMLESS STEEL TUBING ARE AVAILABLE FROM STEEL SERVICE CENTERS IN 44 CITIES IN THE UNITED STATES 





